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Macrocystis pyrifera (M. pyrifera) is an ecosystem engineer. It modifies the environment 
providing the foundation, food, resources, and habitat provisions for many other organisms. 
Globally, kelp forests have been declining due to multiple-stressor impacts. Anecdotally, M. 
pyrifera has declined in Otago, New Zealand however no research has yet assessed this. The 
aim of this study was to determine changes in extent of M. pyrifera along coastal Otago to 
understand if there has been a change in living memory of local knowledge holders. The 
research then aimed to validate evidence given by interviewees and investigate what habitat 
remains for the potential of future regeneration of the kelp forests in this area. During 19 semi-
structured interviews, local knowledge holders reported a complete loss of M. pyrifera forests 
along the southern coastline north of Taieri Island that occurred between approximately 1970’s 
– 1980’s. This stretch of coastline is still referred to as “The Kelp”, even by interviewees who 
never observed M. pyrifera here. The area indicated by interviewees at the entrance of the 
Taieri River was investigated further. A multibeam survey located the presence of two reef 
structures (0.2 km2 and 0.9 km2) in the location indicated by interviewees. The two reef 
structures appeared to have hard substrate in a depth range (9 – 21 m) that could support M. 
pyrifera, if other environmental conditions were congruent. A drop camera survey of the two 
reef structures was done to investigate the substrate and biological compositions of the reef 
structures. This was compared to a previous survey that had been completed in the East Otago 
Taiāpure where it is known that there is still M. pyrifera. The camera analysis supported the 
multibeam survey, that there was sufficient hard substrate to support M. pyrifera. Assessment 
of the algal composition showed a homogenous mix of coralline, C. brownii and mixed red 
algae when compared to the heterogeneous canopy and understory composition of the East 
Otago Taiāpure. Along both the northern and southern coastlines there was an agreement 
amongst interviewees that runoff from the land, in particular sedimentation, was a key driver 
behind the changes observed. This fits both with the increases in fine sediment from land use 
observed around Otago as well as the presence of sediment resilient species of algae. To further 
understand the implications of the loss of kelp forests along this coastline it would be essential 
to quantify the stressors that have caused the loss of kelp along this coastline and if these 
stressors are still present in this environment. In a changing global environment, it is important 
to understand the changes that have, and will continue to occur in order to do valuable 
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Chapter One: General introduction 
 
1.1. Macrocystis pyrifera 
Macrocystis pyrifera (M. pyrifera; Rimurimu; Giant/Bladder Kelp), is a particularly well-
studied kelp species due to its ecological importance (Devinny and Volse, 1978; Kimura and 
Foster, 1984; Reed and Foster, 1984; Santelices and Ojeda, 1984; Fyfe et al., 1999; Foster and 
Vanblaricom, 2001; Graham, 2004; Graham et al., 2007; Gaylord et al., 2013). M. pyrifera is 
considered to be an ecosystem engineer, altering biotic and/or abiotic conditions of the 
environment that it habituates from the bottom-up (Jones et al., 1997; Miller et al., 2011). Kelp 
forests play an important role in coastal ecosystems providing both food and a three 
dimensional habitat for many other organisms (Jones et al., 1997; Miller et al., 2011; Desmond 
et al., 2015). Adult M. pyrifera sporophytes form floating canopies that have high structural 
complexity and primary production (Lowry, 1973; Jackson, 1977; Graham et al., 2007). The 
structure formed by M. pyrifera canopies reduce wave energy within the forest and are 
important for larval settlement and habitat refuge for many species (Foster, 1975; Hurd et al., 
1997; Gaylord et al., 2013). Kelp forests also have the potential to reduce coastal erosion 
through wave dampening  (Hurd et al., 1997; Gaylord et al., 2013; Hurd, 2015), and provide a 
buffer to reef systems from processes such as ocean acidification through carbon dioxide 
uptake (Hepburn et al., 2011; Cornwall et al., 2012, 2015). M. pyrifera forests support many 
different organisms across a wide range of life histories. Kelp forests are associated with 
organisms from more than ten different phyla and have been found to host more than 100 
different species (Mann, 1973; Christie et al., 2009). 
 
1.1.1. Morphology  
Macrocystis is the largest and one of the fastest growing of the laminariales (Jackson, 1977). 
Due to its morphological plasticity Macrocystis was originally described as having 17 species, 
which has now been narrowed to a single species; M. pyrifera (Coyer et al., 2001; Demes et 
al., 2009). The local environment plays a significant role in the morphological development of 
the various structures of Macrocystis such as laminae thickness, pneumatocyst shape, and 
internode intervals (Kain, 1982; Demes et al., 2009). In general, M. pyrifera is described as 
follows. Individuals are attached to hard substrates at the base with a haptera holdfast (Graham 
et al., 2007). From the holdfast, dichotomously branching stipes grow topped with meristems 
which split into blades (Figure 1.1; Graham et al., 2007). As the individual grows to the surface, 
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gas filled pneumatocysts grow between the stipe and the blade to allow surface canopy 
formation (Figure 1.1; Graham et al., 2007).  
 
1.1.2. Life history 
Like all laminariales, M. pyrifera has a biphasic life cycle where there are alternating 
generations (Raimondi et al., 2004). Zoospores are asexually produced and released from the 
sporophytes (Figure 1.1) into the water column and will disperse (hours – days) until suitable 
habitat conditions are found (Deysher and Dean, 1986a; Graham et al., 2007). Once found, 
they will settle and form male and female gametophytes (Deysher and Dean, 1986a; Figure 
1.1). Maturing female gametophytes of M. pyrifera will produce eggs and pheromones as they 
mature, which signals maturing male gametophytes to respond and release sperm that track the 
pheromone eggs (Figure 1.1; Maier et al., 2001). When fertilisation occurs, sporophytes are 
formed which subsequently grow to macroscopic adults and complete the life cycle (Figure 



















Figure 1.1: Macrocystis pyrifera drawing showing the macroscopic and 
microscopic life stages and key defining characteristics 
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1.1.3. Tolerance ranges 
Presence, absence, growth rate, and morphology of M. pyrifera is controlled by local 
environmental factors (Kain, 1982; Demes et al., 2009; Young et al., 2016). M. pyrifera, 
although one of the fastest growing algae species, is very susceptible to both biotic and abiotic 
environmental factors including but not limited to temperature, light, substrate type, 
sedimentation, nutrient availability, and wave action (Kain, 1982; North et al., 1986; Graham, 
1997; Ladah et al., 1999; Reed et al., 2004; Rothäusler et al., 2009; Young et al., 2016). 
Although limited by these factors M. pyrifera also shows environmental plasticity with 
morphological variability driven by environmental factors (Kain, 1982; Demes et al., 2009).  
 
Temperature is one of the key environmental factors that determine the distribution of M. 
pyrifera; populations have a southern temperate distribution with the exception of the cool 
waters along the Californian, Alaskan, and Canadian coastlines (Coyer et al., 2001). Most 
populations of M. pyrifera appear to have a temperature threshold of 15 – 18°C, with fertility 
beginning to decrease at 15°C and mortality of adult plants occurring at the higher temperature 
ranges (Deysher and Dean, 1986b; Luning and Freshwater, 1988; Hay, 1990; Rothäusler et al., 
2011; Young et al., 2016). In different eco-regions, M. pyrifera shows morphological plasticity 
to different temperature ranges (Hay, 1990; Coyer et al., 2001; Rothäusler et al., 2011; 
Buschmann et al., 2014). In mid-latitude populations, morphological plasticity has been shown 
with stunting of growth in warmer temperatures to allow for reproduction during summer 
seasons to still occur (Rothäusler et al., 2011; Buschmann et al., 2014). In New Zealand, M. 
pyrifera has an upper thermal tolerance of 18- 19°C, if sea surface temperature exceeds this for 
more than a few days then M. pyrifera cannot persist (Hay, 1990).  
 
Light is essential for M. pyrifera growth and has been shown to be a key indicator of 
distribution (Kain, 1982; Kimura and Foster, 1984; Deysher and Dean, 1986a, 1986b; 
Desmond et al., 2015; Tait, 2019). Once established, adult M. pyrifera are good competitors 
for light due to their canopy forming structures (Graham, 1997). Initial growth at the 
gametophyte stage is not commonly limited by light, like most laminarians, with gametophytes 
requiring a light dose of 0.4 mol m−2 day−1 (Deysher and Dean, 1986a). Light limitation of M. 
pyrifera occurs once fertilisation has occurred, at the sporophyte life stage, until the individual 
is large enough to compete for light (Deysher and Dean, 1986a, 1986b; Tait, 2019). 
Sporophytes require at least 1.0 mol m−2 day−1 and >2 mol m−2 day−1 for saturated 
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photosynthesis (Tait, 2019). Juvenile M. pyrifera have a net growth at 1.5–2.0 mol m−2 day−1 
and net tissue loss at 1.0 mol m−2 day−1, similar to sporophytes (Tait, 2019).  
 
In general, M. pyrifera requires hard substrate with low levels of settled sediment to allow 
attachment of holdfast structures (DeMartini and Roberts, 1990). M. pyrifera can be found in 
soft sediment environments as free-floating canopies but this requires very sheltered conditions 
(Hobday, 2000; Hinojosa et al., 2005). Sheltered conditions like this are uncommon in New 
Zealand, however storm derived floating canopies which are common in New Zealand provide 
useful habitat, food resource and spore supply back into the population (Schiel and Nelson, 
1990; Hobday, 2000). In hard substrate environments, 10 mg cm2 of sediment was found to 
occlude the surface and prevent spore attachment, reducing survival probability (Devinny and 
Volse, 1978; Geange et al., 2014). Elevated sediment in the water column can also impact the 
distribution and density of M. pyrifera forests through decreased light availability for 
photosynthesis as well as physical disturbance (Devinny and Volse, 1978; Tait, 2019). 
Settlement of germlings is the life stage most affected by suspended sediment (Devinny and 
Volse, 1978; Geange et al., 2014). At 108 mg cm2, sediment was found to smother germlings, 
preventing growth (Devinny and Volse, 1978). The close links between sediment and the light 
environment makes this confounding impact on adult M. pyrifera (Desmond et al., 2015; Tait, 
2019). 
 
Storm related mortality of kelp forests has been shown to have implications for density and 
persistence of M. pyrifera beds (Seymour et al., 1989; Young et al., 2015). Wave action, both 
orbital size and velocity, has been shown to be a significant predictor variable for the 
distribution of kelp beds (Young et al., 2015). El Niño cycling and winter storm activity have 
shown reductions in population densities of existing M. pyrifera populations (Zimmerman and 
Robertson, 1985; Seymour et al., 1989). Increased wave orbital velocities and breaking has 
been associated with increased mortality through stipe and holdfast damage (Seymour et al., 
1989). Although wave energy is associated with distribution and density of M. pyrifera forests, 
the forests can also act as a buffer to wave energy for the coastline (Hurd et al., 1997; Gaylord 





1.1.4. Global decline 
 Globally, kelp forests have been changing with some increasing, but most decreasing (Wahl 
et al., 2015; Krumhansl et al., 2016; Filbee-Dexter and Wernberg, 2018; Wernberg et al., 
2019). On a global scale there are trends of coastal eutrophication, warming ocean 
temperatures, global expansion of herbivorous organisms, and invasion of competitive algal 
species (Filbee-Dexter and Wernberg, 2018) that are creating unfavourable conditions for M. 
pyrifera settlement and growth, altering the inter-decadal presence of M. pyrifera. The decline 
that has been observed globally has been attributed to differential causations in different eco-
regions (Wernberg et al., 2011, 2019; Wahl et al., 2015; Krumhansl et al., 2016; Filbee-Dexter 
and Wernberg, 2018). In California, the inter-annual variability of M. pyrifera has been largely 
attributed to El Niño-Southern Oscillation (ENSO) cycling which alters the thermal 
stratification and availability of nutrients (Foster and Schiel, 2010; Young et al., 2016). ENSO 
cycling can also be attributed to seasonal changes in storm severity which can inhibit the 
settlement of M. pyrifera sporophytes as well as cause mortality of adults (Seymour et al., 
1989; Dayton et al., 1992). In Tasmania, there has been a notable reduction in M. pyrifera 
abundance over the past 50 years, driven by increasing temperature, decreasing nutrients, 
increased fishing, and increased herbivory by the expanding range of herbivores (Johnson et 
al., 2011; Wernberg et al., 2011). Johnson et al. (2011) have shown climate cascading effects 
on kelp forests around Tasmania resulting in a 95% loss of canopy covering M. pyrifera. Ocean 
warming has altered the East Australian Current (EAC) increasing the delivery of warm, 
nutrient poor waters to the coast of Tasmania, resulting in range shifts of northern herbivorous 
species causing kelp barrens (Johnson et al., 2011).  
 
1.2. Macrocystis pyrifera in New Zealand  
In New Zealand, M. pyrifera has been found ranging from the lower North Island to the Sub-
Antarctic Islands and inhabits both harbours and open coasts (Hay, 1990; Schiel and Nelson, 
1990). In the Otago region, M. pyrifera has been found to be abundant around the outer harbour 
and along the northern coastline towards Oamaru (Hay, 1990; Schiel and Nelson, 1990). Kelp 
forests are at their greatest extent along the north Otago coastline, especially near Karitāne, 
Moeraki, and Kakanui (Desmond, 2016). South of the Otago Peninsula to Bluff there are few, 
sparse, M. pyrifera stands, these are restricted mainly to Nugget Point and Molyneux Bay (Hay, 




In New Zealand, M. pyrifera supports many ecologically, culturally, and commercially 
important species such as Haliotis iris (pāua), Jasus edwarsii (southern rock lobster), 
Parapercis colias (blue cod), Evechinus chloroticus (kina), and Odax pullus (greenbone) (Fyfe 
et al., 1999; Hinojosa et al., 2015). M. pyrifera was introduced into the quota management 
system (QMS) in 2010 for Fisheries Management Area (FMA)3 (1236 tonne) and FMA4 (272 
tonne) (Figure 1.2; Ministry for Primary Industry, 2017). From 2015 – 2016 there was 30.54 
tonnes of M. pyrifera landed in the FMA3 fishing year, this was a decrease from the previous 
two years but is similar to, or an increase from, the catch records since the implementation of 
bladder kelp to the QMS (Figure 1.3). Although included QMS under FMA4, since 2001 there 
has only been less than three tonne of greenweight M. pyrifera reported landings (Ministry for 
Primary Industry, 2017). Bladder kelp is harvested commercially for a range of different uses; 
dietary supplement, fertiliser, cultivation for bioremediation purposes, and feed for aquaculture 






































Figure 1.2: Top: southern New Zealand Fisheries Management Areas (Ministry for Primary 
Industries, 2021) Bottom: Reported greenweight landings of Macrocystis pyrifera in FMA3 
(2001 - 2015). Red box outlines when Macrocystis pyrifera was introduced to the quota 
management system and the reported landings moved from a combination of beach-cast, 
free-floating and attached bladder kelp to just attached bladder kelp landings (data source: 
Ministry for Primary Industry, 2017) 
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1.2.1. Southern Otago kelp forest decline 
Although globally decline in M. pyrifera is well documented, in Otago there is little to no 
documentation in physical surveys or satellite imagery. Anecdotal evidence from the living 
memory of residents and fishers along the Otago coast describe M. pyrifera coverage being far 
more extensive in past decades. The kelp forests once supported many commercially and 
culturally important species, such as pāua, rock lobster, blue cod, kina, and greenbone (Fyfe et 
al., 1999; Hepburn, 2010). Anecdotal evidence such as this has been shown to be important for 
inferring historical conditions when there are no long term data sets available (Johannes et al., 
2008). There are many different hypotheses as to why these kelp forests have disappeared but 
most attribute the loss to an increase in sedimentation in coastal waters due to the downstream 
effects of gold mining, agriculture, industrialisation, and urbanisation (Hepburn, 2010). Natural 
fluctuations of beds is not uncommon and is well studied in Californian kelp beds (North et al., 
1993), however it is important to understand if kelp beds are fluctuating, have declined, or have 
disappeared along this coastline. If beds have changed in this area then if this is attributed to 
anthropogenic implications such as climate change, discharged waste waters, or agriculture or 
if it is attributed to natural changes such as ENSO cycling, storms, and rainfall this needs to be 
better understood (North et al., 1993; Fyfe et al., 1999; Foster and Schiel, 2010; Wahl et al., 
2015; Wernberg et al., 2019). By understanding the drivers of loss, we are better informed to 
restore these once productive ecosystems. 
 
1.3. Local ecological knowledge and management  
Historically, management of marine spaces has been largely driven by scientific knowledge 
only (Shackeroff et al., 2011). However as more understanding of the limitations of scientific 
knowledge is understood, the importance of other areas of expertise are being explored 
(Mackinson and Néttestad, 1998; Calamia, 1999). Traditional ecological knowledge (TEK) and 
local ecological knowledge (LEK) are pools of knowledge about ecological resources that are 
held within a community (Murray et al., 2006; Beaudreau and Levin, 2014). Both TEK and 
LEK hold information about the ecosystem functioning of an area that comes with the 
generational use of resources (Hall-Arber and Pederson, 1999; Neis et al., 1999; Murray et al., 
2006; Johannes et al., 2008). LEK and TEK differ in the fact that LEK is knowledge held by a 
group of resource users about a local ecosystem whereas TEK is cumulative pool of knowledge 
that is passed down through cultural generations and has shared beliefs (Olsson and Folke, 
2001) Both TEK and LEK have been integrated into management in areas to understand 
historic baselines of ecosystem functioning, especially in areas where scientific data is limited 
19 
 
(Johannes et al., 2008; Lauer and Aswani, 2010; Beaudreau and Levin, 2014). Not only does 
integration of LEK and TEK into management aid practices it also gives the local users of the 
resource a sense of empowerment in protecting that resource (Shackeroff et al., 2011; Mellado 
et al., 2014). It is important to collect and understand the information and insights that 
individuals hold before they pass, because then the knowledge source can be lost forever  
(Sáenz-Arroyo et al., 2005).  
 
1.3.1. Shifting baselines 
Ecosystem based management requires an understanding of present and past functioning of an 
ecosystem to provide a baseline (Carnell and Keough, 2019). Shifting or sliding baselines is a 
term commonly used in environmental management to describe the changes in what is 
considered the baseline of a population through different generations (Pauly, 1995). Shifting 
baselines bring into management the importance of understanding that the marine systems we 
study and the baselines we try to regenerate outspan living human memory (Connell et al., 
2008). It is also important to understand that human anecdotes are flawed by personal 
perception of changes, as the changes are based on their observations of what is considered 
important (Connell et al., 2008). It is common that each successive generation accepts a lower 
baseline of the population than that of the generation prior (Pauly, 1995).  
 
1.4. Study site  
The extent of the area that was studied in this research has been dictated by a priori anecdotal 
evidence that formed the basis of the project (Hepburn, 2020)hep. Anecdotal evidence has 
described a loss of M. pyrifera along the southern Otago coastline. The interview process took 
a broad look at the coastline using the NZ66 nautical chart which encompasses key areas where 
it is known that M. pyrifera currently grows and has grown in the past along coastal Otago 
(Figure 1.4; Hay, 1990; Schiel and Nelson, 1990; Fyfe et al., 1999; South-East Marine 












Figure 1.4: Map of coastal Otago study site that was explored to understand Macrocystis 
pyrifera historic distributions and current habitat suitability. Site from Katiki Point 
(45°23'33.1"S 170°52'06.3"E) to Nugget Point (46°26'53.0"S 169°48'45.3"E). Image insets; (a) 
Tavora reserve Macrocystis pyrifera beds (photo credit: Chris Hepburn), (b) Aramoana Mole 
Macrocystis pyrifera beds (photo credit: Poko Daniel, 2019), (c) Cape Saunders Durvillaea 












1.5. Aims and objectives  
This research sought to determine distributions of M. pyrifera along coastal Otago to 
understand if there has been a change in the extent and density in living memory of local 
knowledge holders. The research then aimed to validate the anecdotal evidence given by 
interviewees and investigate the potential of future regeneration of the kelp forests along this 
coastline by looking for remaining habitat. There were three key objectives of this study: 
 
(1) Determine the change in the density and extent of M. pyrifera along coastal Otago 
through interviews with local knowledge holders; 
(2) Validate interviewees claims of decline by delineating the potential habitat identified 
in their evidence; and 
(3) Characterise and quantify the presence of potential habitat that may remain in the study 
area and use this to infer possible triggers of decline.  
 
1.6. Thesis structure  
Chapter Two: Local ecological knowledge of Macrocystis pyrifera on the Otago coast 
This chapter outlines the methodology, results and discussion surrounding the semi-structured 
interviews of local experts of the Otago coastline. Historic and current distributions of M. 
pyrifera are explored as well as potential timeframes of change. Changes along the coast are 
linked to interviewee’s opinions of potential triggers which are assessed using literature. 
Shifting baselines, tragedy of the commons, and social ecological systems (SES) are applied to 
the interviews to understand how these ecological theories apply to changes in M. pyrifera  
 
Chapter Three: Identification of reef structures along southern Otago using multibeam 
echosounder technology 
This chapter investigates in greater detail an area north of Taieri Island outlined by interviewees 
as having lost M. pyrifera. Using multibeam echosounder technology, remaining hard substrate 
is analysed. The location, extent, and depth of hard structures are related to literature 
surrounding tolerance ranges and requirements for M. pyrifera to validate the historic presence 







Chapter Four: Habitat suitability of South Otago reef structures 
This chapter evaluated the current state of habitat in the study area. A drop camera survey was 
completed on the remaining exposed reef structure. The drop camera survey along the southern 
reef structures was compared to a previous survey of the northern M. pyrifera beds to compare 
the substrate and algal communities.  
 
Chapter Five: General discussion 
This chapter tied together the three stages of this research. The chapter begins by outlining the 
main findings of this research; the changes in M. pyrifera distribution and densities, potential 
drivers of change and what habitat remains. It then discusses the findings in relation to a wider 


























Chapter Two: Local ecological knowledge of Macrocystis pyrifera on the Otago coast 
 
2.1. Introduction 
LEK is the knowledge pool of the ecological resources held within a community (Olsson and 
Folke, 2001; Murray et al., 2006; Beaudreau and Levin, 2014). LEK is knowledge that is 
passed down through generations as well as built upon through everyday use of a resource 
(Murray et al., 2006; Beaudreau and Levin, 2014). LEK contains valuable anecdotal 
descriptions and understandings of the ecology and observable changes in environments 
(Murray et al., 2006). TEK is a historical and cultural use of a resource and differs in its 
cumulation of knowledge through generational beliefs and cultural transfers of information 
(Olsson and Folke, 2001).  LEK and TEK have been used in management of fisheries stocks 
to infer both historical fishing conditions and practices in a region (Hall-Arber and Pederson, 
1999; Neis et al., 1999; Murray et al., 2006; Johannes et al., 2008). More recently, LEK has 
been acknowledged as an important source of information to understand data-poor species and 
ecosystem based management of both terrestrial and coastal communities (Beaudreau and 
Levin, 2014). The information that can be gained from this local body of knowledge can be 
applied to biological and ecological insights, resource management, environmental assessment, 
and environmental planning (Calamia, 1999; Futter, 2010). Important changes in 
environmental conditions are noted by those that utilise areas frequently and over long periods 
and that knowledge can be used to determine timeframes of change (Johannes et al., 2008). 
Although scientific surveys of ecosystems provide quantitative analysis, an integration of LEK 
into management can allow insights into both scientific and cultural management of 
ecosystems (Mackinson and Néttestad, 1998; Calamia, 1999).  
 
Globally and locally, there are examples where LEK or TEK have been utilised to achieve 
successful management outcomes as well as giving locals guardianship of the management of 
their space (Neis, 1992; Johannes et al., 2008; Bundy and Davis, 2013; Fischer et al., 2015; 
Outeiro et al., 2015). Johannes et al. (2008) outline five examples where LEK or TEK have 
been essential in the successful management of fisheries resources. Villages on the Tarawa 
Lagoon, Kiribati, are located in relation to an important fishery of the bone fish Albula 
glossodonta (Albulidae). The fishery is based around the migration of the adult fish on the 
lunar cycles to and from the reef flats to spawn. Interviews undertaken of locals allowed an 
understanding that although some of the villages were still able to survive off the spawning 
populations, many villages had almost depleted their populations. It was discovered that the 
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construction of a causeway across the reef flats had disrupted the connectivity of the migratory 
fish resulting in a loss in some areas, and not others. It had not been realised until after the 
interviews had been undertaken the severity of the decline in the populations of Albulidae. 
After the discovery the locals undertook management of the stocks themselves and since 1999 
the stocks have been increasing (Johannes et al., 2008). Locally, TEK is used in relation to 
indigenous knowledge of pre-colonial conditions in New Zealand (Marques et al., 2018). 
Marques et al (2018) used a Wellington urban waterway as a case study to understand the 
importance of TEK in restoration. Traditional concepts were used to re-connect urban Māori 
with the waterway to gain better health and wellbeing outcomes for the waterway and the 
people. Not only does integration of LEK and TEK into management aid management practices 
it also gives the local users of the resource a sense of empowerment in protecting their resources 
(Shackeroff et al., 2011; Mellado et al., 2014).  
  
Anecdotal evidence describes the presence of large M. pyrifera kelp forests along the southern 
Otago coastline which are no longer present. Studies report kelp forests from Oamaru to Nugget 
Point (Hay, 1990; Schiel and Nelson, 1990) in patches of sheltered coastline however, locals 
describe losses along the coastline south of the Otago Peninsula. There are many different 
hypotheses as to why these kelp forests have disappeared but most attribute the loss to an 
increase in sedimentation in coastal waters due to the downstream effects of gold mining, 
agriculture, industrialisation, and urbanisation (Hepburn, 2010). Widespread losses of kelp 
forests are attributed to differential and often compounding causes in each ecosystem (Waugh 
et al., 2005; Connell et al., 2008; Wahl et al., 2015; Krumhansl et al., 2016; Wernberg et al., 
2019). Although there are areas where there is a measured loss of kelp canopy coverage, in 
many areas the status of these habitat forming species is undocumented (Krumhansl et al., 
2016; Wernberg et al., 2019). The undocumented decline of M.pyrifera is largely attributed to 
a lack of long term data sets and as a result loss has not been noted until recent years (Edgar et 
al., 2005; Connell et al., 2008; Gorman et al., 2019). Connell et al. (2019) investigated the 
anecdotal decline in canopy forming algae along the south Australian coast to determine a lost 
baseline. The research used historic percentage cover surveys along the coast and completed 
surveys at those sites to determine changes. It also looked at urbanisation biometrics to 
determine changes in urban development at the sites. It was found that in this small 
metropolitan area there had been a canopy cover loss of up to 70% at some sites. Despite the 
relatively small population at this site, there was still a massive loss showing that loss can be 




The aim of this chapter was to understand the changes in the distribution of M. pyrifera along 
the Otago coastline within living memory of knowledge holders of the Otago coastline. The 
knowledge holders of the coast are individuals who have an intimate knowledge be this through 
their occupation, such as fisheries, or through their cultural connection. LEK was used to 
understand: 
• Distribution of M. pyrifera along coastal Otago and potential decline in this 
distribution; 
• Potential timing, rate and drivers of change observed by the interviewees; and 
• The applicability of ‘Shifting baselines’ (Pauly, 1995), ‘The Tragedy of the Commons’ 
(Hardin, 1968) and ‘Social-Ecological Systems’ (Ostrom, 2019) theories to the data. 
 
To protect the habitat forming structures on the Otago coast it is important to understand not 
only what changes may have occurred, but also what has caused these changes. By 




The change in distribution of M. pyrifera along the Otago coastline was estimated using 
interviews (n=19). Interviews were conducted in a standard semi-structured snowball sampling 
(Goodman, 1961; Louise Barriball and While, 1994). A base set of interviewees (s stage 
individuals) was obtained to begin the interviews (Goodman, 1961; Biernacki and Waldorf, 
1981). The initial interviewees were a retired commercial fisherman and two skippers who had 
expressed knowledge of the decline in the kelp forests. Subsequent interviewees (k stage 
individuals) were obtained through referral from the s stage individuals (Goodman, 1961; 
Biernacki and Waldorf, 1981). The interviewees ranged across different connections to the 
coastline including commercial and recreational fishermen, kaumātua (respected elder), 
scientists, a skipper, a dive instructor, and a university technician. All interviewees had 
knowledge of current and historic nearshore and coastal resources. Although there was 
sufficient information gathered from the interviews, the snow-ball sampling was not exhausted 




Ethical consent (Appendix B and C) was obtained by the University of Otago Human Ethics 
Committee (22/02/2019). Each interviewee was given a consent form in which the interviewee 
was told they were able to withdraw at any point from the interview, personal data would be 
destroyed at the conclusion of the project but the raw data would be stored for up to five years, 
and the interview would be semi-structured around their involvement and knowledge with the 
coastline. Each interviewee was allowed the opportunity post transcription to alter the interview 
adding, removing, or changing any content.  
 
Interviews followed a semi-structured format with a set of key questions (Appendix A) that 
were asked and answered, but allowed for conversation to digress to discuss the knowledge 
from the interviewee (Louise Barriball and While, 1994; Mccarthy et al., 2014). Interviewees 
were provided with New Zealand nautical chart NZ66 and asked to display the distribution of 
M. pyrifera at their earliest memory of the coastline and then on a separate chart their current 
knowledge of distribution if it differed. Each interview was recorded using the Smart 
Recorder™ application these were then transcribed into electronic text files.  
 
The transcribed interviews then underwent qualitative analysis using QSR NVivo 12 software. 
There was a combined approach taken to the analysis of the interviews using both inductive 
and deductive methodologies. Inductive analysis uses coding, notes and headings to describe 
the data without any pre-conceived application (Kondracki et al., 2002; Elo and Kyngäs, 2008). 
The sub-categorisation of the data allows themes to develop (Kondracki et al., 2002; Elo and 
Kyngäs, 2008). The inductive analysis can be found in the results section of this chapter. 
Deductive analysis takes a concept or theory that is already established and applies it to the 
content (Kondracki et al., 2002; Elo and Kyngäs, 2008). The deductive analysis can be found 
in the discussion section of this chapter in which three resource management  theories; ‘Shifting 
Baselines’ (Pauly, 1995), ‘The Tragedy of the Commons’ (Hardin, 1968) and ‘Social-
Ecological Systems’ (Ostrom, 2019), were applied to the content of the interviews.  
 
2.3. Results 
2.3.1. Interviewee background 
The requirement for interviewee selection was to have knowledge of the coastline. Of the 19 
interviewees, the majority were involved in the commercial fishing industry around the lower 
South Island: Otago, Southland, and Fiordland regions. There was a range in the involvement 
in fisheries through finfish (n=7), pāua (n=2), rock lobster (n=3), and fisheries officer (n=1). 
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The remaining six interviewees were all local experts of the coastline including; scientists 
(n=2), kaumātua (n=1), skipper (n=1), dive instructor (n=1), and university technician (n=1), 




The age of the interviewees was not considered to be as relevant as the timeframe of knowledge 
of the coastline of each interviewee. The difference in timeline knowledge of the coastline was 
in part driven by age, but also driven by the connection that each interviewee had with the 
coastline. Some fishermen grew up along the coastline and then proceeded to work in the 
industry, while others worked in different quota areas or different careers entirely. All the 
interviewees had knowledge of the coastline from 1990 to present. However, going further 
back in time resulted in fewer individuals with knowledge of the coastline (Figure 2.2).  
 
 






Figure 2.1: Overview of interviewees profession and/or connection to the Otago coastline 
that made them an expert to discuss changes in Macrocystis pyrifera distribution and 










































2.3.2. Observed status of Macrocystis pyrifera 
The observed status of the kelp forests was divided into northern and southern, due to both the 
division in interviewees’ geographic knowledge of the coastline, as well as the discrepancies 
in peoples’ perceptions of the status of the northern and southern M. pyrifera beds. Most 
individuals had either knowledge of the area north of Dunedin city (Aramoana – Katiki Point) 
or south of the city (Otago Peninsula – Nugget Point) depending on where they grew up, lived 
or worked (Figure 2.3). There was also a division in the observed status of the northern and the 
southern kelp forests. Three of the interviewees were not confident in noting on the charts 
during the interviews the exact locations of the kelp but did comment on their perceptions of 
the changes along the coast which is reflected in the graphs not the maps. 
 
There was a clear consensus that the kelp forests along the southern coastline had disappeared 
and the timeframe in which this occurred (Figure 2.4 and Figure 2.6). The observed 
disappearance on the southern coastline occurred between Taieri Island and Bruce Rocks in 
approximately 1970s – 1980s along a 12 km stretch of coastline (Figure 2.7). There have been 
other localised losses observed along the coastline, but the loss north of Taieri Island is the 
most notable. The disappearance along the coast was only directly observed by a few 
interviewees as the loss occurred before many started working or living on the coast. 
Interviewee L noted the extent and the gradual loss of the forests along this stretch of coast:  
 
Figure 2.2: Total number of interviewees with knowledge of the Otago coast 




























“That was a long time ago I can remember the boat I had there it was a very small thing and 
there was a massive amount of kelp there running probably about 300 yards out to sea, or more 
perhaps and there hasn’t been any there for years and years and years” 
Interviewee L 
 
There were many interviewees who, although they did not observe the changes, knew of the 
changes that had occurred along the southern coastline. Therefore, many of these interviewees 
were hesitant to record this on the nautical chart as they had not physically observed the spatial 
extent.  
 
“There’s kelp along this area here-this piece of foul is called the kelp and there’s no kelp grows 
there. In all of my fishing career [28 years] there’s been no kelp here” 
Interviewee H 
 
The northern coastline had greater discrepancies between interviewees’ both regarding the 
status of the kelp forests as well as the timeframe of any changes that had been observed (Figure 
2.5; Figure 2.6 and Figure 2.7). According to interviewees, some observed that there had been 
a reduction in the densities of kelp forests. Whereas others noted that kelp forests had ‘good 
years and bad years’ suggesting that there were fluctuating densities (Figure 2.6). Interviewees 
C and K note reductions in the density of the kelp forests along the northern coastline: 
 
“It was just a wee bit of it in those places you know even fishing at Karitāne the last few years 
we notice it is never as dense as it used to be before.” 
Interviewee C 
 
“There used to be a lot of Macrocystis here now you’d be very hard pressed to even find a 
piece of kelp. And it’s much the same up here. The smaller boats, when we started the smaller 
boats couldn’t even get through the Macrocystis beds they would just basically stall the motors. 
You would throw a crayfish pot over and it would just sit there and take about 5 minutes to go 
down. Like it was massively thick but it aint there anymore.” 
Interviewee K 
 




“I’ve noticed up around the corner where the big kelp is, a lot of its gone this year. But it does 
come and go quite a bit, but it always seems to come back there.” 
Interviewee I 
 
“I remember around Karitāne it used to be really thick but then other years it wouldn’t be and 




































Figure 2.3: Interviews (n=16) of local experts indicating the spatial distribution of Macrocystis pyrifera along 















Figure 2.4: Interviews (n=10) of local experts indicating the spatial distribution of Macrocystis pyrifera along 
the southern Otago coastline from Otago Peninsula to Nugget Point; (a) 1950 – 1960, (b) 1970 – 1980, (c) 1990, 




 Figure 2.5: Interviews (n=13) of local experts indicating the spatial distribution of Macrocystis pyrifera along 
the northern Otago coastline from Aramoana to Katiki Point; (a) 1950 – 1960, (b) 1970 – 1980, (c) 1990, (d) 









































Figure 2.6: Observed status (1950 – 2020) of the northern (Aramoana – 
Katiki Point) and southern (Otago Peninsula – Nugget Point) Macrocystis 
pyrifera beds according to local experts of the Otago coast (n=19). Error 























Status of Macrocystis pyrifera
North
South
Figure 2.7: Timeframe of change observed but local experts as to changes in 
the density and/or distribution of Macrocystis pyrifera beds along the 
northern (Aramoana – Katiki Point) and southern (Otago Peninsula –  
Nugget Point) areas of the Otago coast (n=19). Error bars show standard 






























2.3.3. Potential drivers of change along the Otago coast 
Alongside the changes in M. pyrifera, interviewees were asked if they had noticed any changes 
along the coast that could be associated with the decline in density and/or extent of kelp forests 
along the Otago coast (Figure 2.8). Most interviewees attributed losses to land use changes 
(n=16) with the most driver indicated by interviewees being river runoff (n=11). Sedimentation 
was also mentioned by many of the interviewees as a possible cause of the change (n=17). 
Sedimentation encompasses a few of the categories in figure 2.8 so was not incorporated in the 
graph. This was associated in a large part to river runoff but also sedimentation as a result of 
road runoff, dredging, dams, and other general increased sedimentation in the water. Other 
anthropogenic drivers included the invasive kelp, Undaria pinnatifida (n=1), and suspended 
matter (n=1). Environmental drivers were also indicated by interviewees; flood (n=3), 
temperature (n=2) and swell (n= 2).  
 
“We’d have crayfish pots there crayfishing then after a storm went back and on the echo 
sounders was just flat with your ropes coming out of the mud. It just smothered the whole 
grounds [sediment from the river]. I don’t know what it’s like now but we went to try and get 




   
Figure 2.8: Potential drivers of changes associated with changes in the status of Macrocystis pyrifera beds 
























Drivers of Macrocystis pyrifera decline
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2.3.4. Shifting baselines 
When discussing the northern coastline with the interviewees who had a shorter timeframe of 
knowledge, beginning around the 1980’s – 1990’s, there were more interviewees that stated M. 
pyrifera showed fluctuation but not a reduction in bed size (Figure 2.9).  
 
“It doesn’t seem to change much, if there’s a big storm a lot of it might get wiped out but 
generally I have never ever noticed it change” 
Interviewee A 
 
In comparison, interviewees that had a longer connection to the northern coastline (1950’s), 
there has been a notable change (Figure 2.9). Interviewees noted both that there are areas where 
M. pyrifera used to grow and now does not as well as areas where it still grows but the bed size 
has been drastically reduced (Figure 2.9).  
 
“There used to be quite good Macrocystis growth along the edge there just inside the bar 
[Waikouaiti].  I used to go looking for spearing flounder there amongst it, but there didn’t seem 
to be any in this drone footage. It was gone. There was nothing. It’s all just sand.” 
Interviewee G 
 




Figure 2.9: Local experts perception of the status of Macrocystis pyrifera 
beds along the northern Otago coastline (Aramoana – Katiki Point) based 




2.4. Discussion  
2.4.1. Status of Macrocystis pyrifera in Otago  
The southern coastline has had clear losses in the extent of the M. pyrifera beds, in particular, 
the area north of Taieri Island. There have been other localised losses along the coast from the 
Clutha River to the Taieri River. The notable loss north of Taieri Island occurred between the 
1970s and 1980s. This was clearly reflected both in what interviewees said and in their 
indications of the spatial extent of the kelp forests drawn on the NZ66 nautical chart. The status 
of the northern coastline was not as clear as interviewees perceptions of the kelp beds differed. 
Interviewees either thought the beds had reduced in density or they thought the beds fluctuated 
with good and bad years. The difference in observations between interviewees appears to fit 
with the theory of shifting baselines (Pauly, 1995).  
 
2.4.2. Potential drivers of change  
River runoff was indicated to be the primary change that interviewees linked to being a driver 
of change along the Otago coast. ‘River runoff’ was generically linked by interviewees to 
runoff associated with land use change such as fertilisers, sediment, manure, and pollutants. 
Interviewees also noted that the northern and southern coastline not only had discrepancies in 
the changes in M. pyrifera beds throughout time but also that there was greater runoff impacts 
along the southern coastline where the beds have changed the most. When delving further into 
what interviewees meant by river runoff, seven of the 19 interviewees pointed directly at 
sediment runoff from the rivers being the primary stressor in river runoff. Four interviewees 
indicated increased sediment loads through port dredging and road runoff as also deteriorating 
the water quality on the coast. 
 
“I don’t think it was entirely silt in all the places down there but it could have been fertiliser 
or anything you know. [It’s] stuff coming out of the rivers anyway because you’ve got big rivers 
down there. You’ve got the Clutha and the Taieri and Tokomariro, and they’re all pretty 
substantial rivers, a lot of run off, off those ones. But up here you haven’t got the rivers so 




Since colonisation, New Zealand has shown an increasing trend of intensive land use, with 
transformation from native vegetation to urban and agricultural land (MacLeod and Moller, 
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2006). Similar trends have been shown in Otago, with the region now being predominated by 
exotic forest, scrub, pasture, and tussock (Figure 2.10). Associated with changes in land use 
are decreases in water quality such as increased nitrogen, phosphorous, pathogenic 
microorganisms, and sedimentation (Davis, 1994; Eyles et al., 2003; Galbraith and Burns, 
2007; McDowell et al., 2009). In Otago there are two major rivers that confluence the eastern 
Otago coast: Clutha and Taieri Rivers. Associated with human modification, the Clutha River 
has implications associated primarily with sedimentation whereas the Taieri River is impacted 
by nitrogen, phosphorous, and sedimentation (Townsend et al., 1997; Eyles et al., 2003; 


















Coastal eutrophication has been shown globally to be a key stressor driving losses of major 
kelp forests (Wahl et al., 2015; Krumhansl et al., 2016; Filbee-Dexter and Wernberg, 2018). 
In New Zealand land conversion to pasture has particular implications for increased 
phosphorous, nitrogen, and Escherichia coli (E. coli) in local bodies of water (Cooper et al., 
1987; Larned et al., 2010). It would be expected that algal growth would be stimulated by the 
addition of nutrient limiting nitrogen to coastal waters. In situ experiments have found that the 
addition of nitrogen stimulates the growth of M. pyrifera causing it to grow thicker blades 
(Stephens and Hepburn, 2016). However, degraded water quality from fertiliser enhancement 
Figure 2.10: Land use and land cover in Otago, New Zealand, with 





has also been shown to promote the growth of turfing algae which then dominate canopy 
forming algae (Gorgula and Connell, 2004; Connell et al., 2008; Wahl et al., 2015; Filbee-
Dexter and Wernberg, 2018).  
 
In particular, conversion of land in the Otago region has led to a degradation of topsoil 
properties and increased sedimentation (Davis, 1994; Galbraith and Burns, 2007; Larned et al., 
2010). Clearance of native vegetation for Pinus radiata plantations has less significant effects 
on sedimentation than pasture (Dons, 1987; Fahey and Marden, 2000), however it does still 
have sediment loading implications. Pinus radiata plantations impact sediment loading during 
periods of harvest and road construction, which both increase soil erosion and fine sediment in 
waterways (Quinn et al., 2004; Quinn and Stroud, 2010). Urban activity also increases 
sediment loading through high surface runoff and pollutants (Larned et al., 2010). Urban areas 
have been found to have a water clarity 40% – 70% lower than native and plantation areas 
(Larned et al., 2010). Pasture, in comparison to native or forestry vegetation, has the greatest 
impact on fine sediment suspension in waterways due to the lack of root structure that closed 
canopy vegetation has (Morrison et al., 2009). Studies show that pasture has a minimum of two 
times more fine sediment, with up to seven times more sediment during overwintering, in 
comparison to forests and native tussock (Dons, 1987; Fahey and Marden, 2000; Quinn and 
Stroud, 2010). The sedimentation caused by land use change in south east Otago has 
implications for up to 100 km of the coast due to the topography and currents (Morrison et al., 
2009). As discussed in the previous chapter, sedimentation can have implications for the 
density and distribution of M. pyrifera. Fine sediment can impact the settlement of spores 
(DeMartini and Roberts, 1990; Geange et al., 2014), smother germlings (Devinny and Volse, 
1978), and impact photosynthetic capability of adults (Desmond et al., 2015).  
 
2.4.3. Shifting baselines 
Although originating in the 1960’s (McHarg, 1969) with applications to environmental 
planning and architectural design, Pauly (1995) first applied the theory of ‘shifting baselines’ 
in environmental management. As described in Chapter One, the theory describes the 
acceptance of a lower standard of ecological baselines of stocks with each incoming generation 
of individuals (Pauly, 1995). Shifting baseline syndrome is generally applied to locally used 
resources, due to this, the majority of cases are resources such as fisheries and  charismatic 
megafauna (Sáenz-Arroyo et al., 2005; Parsons et al., 2010; Ainsworth, 2011; Taylor et al., 
2011; Beaudreau and Levin, 2014). Saenz-Arroyo et al. (2005) investigated the inter-
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generational shift in fishers’ perceptions of fish stocks in Mexico’s Gulf of California. 
Although all of the fishermen discussed declines in fisheries stocks, the older generation of 
fishermen described a greater number of species and abundant fisheries sites than younger 
generations of fishermen (Sáenz-Arroyo et al., 2005). In New Zealand, anecdotal evidence has 
been used to attempt to reconstruct baselines of fishery stocks before, and after implementation 
of marine reserves and other fisheries management strategies (Parsons et al., 2010; Taylor et 
al., 2011). Although anecdotal evidence has been useful in inferring baseline populations, it 
only works so far as living memory and is best used in conjunction with some form of 
qualitative evidence such as historical catch records (Parsons et al., 2010; Taylor et al., 2011). 
 
Although some research has been done on shifting baselines in kelp forests (Dayton et al., 
1998; Connell et al., 2008; Foster and Schiel, 2010; Carnell and Keough, 2019), there is limited 
data as the research has primarily centred around fisheries in the marine space. Dayton et al. 
(1998) outline the importance of understanding that shifting baselines may be altering global 
perceptions of kelp forest functioning pre-anthropogenic impacts, especially with limited long-
term data sets.   
 
The idea of shifting baselines was apparent along the northern coastline (Figure 2.9). Most 
interviewees who described fluctuating beds, as opposed to reduced beds, had a shorter 
timeframe of knowledge of the coastline. The age demographic of the interviews did not show 
signs of shifting baselines, however, the timeframe of knowledge showed shifting baselines in 
the interviewees. 
 
“You’re going back 50 years and you sort of think well peoples’ impressions change. You know 
the way that you look at this project today will be different when you get to my age and it won’t 




The timeframe of change along the northern coastline was indicated by interviewees to have 
occurred approximately 1980 – 1990, so local stakeholders who began their careers along the 
coastline around this time would have a reduced expectation of the density of the kelp. 
Although there was a discrepancy in what interviewees verbally stated, what they physically 
drew on the nautical chart is more consistent.  
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2.4.4. Impacts on fisheries  
Anecdotes describe kelp forests along the Otago coast that once supported large populations of 
pāua, southern rock lobster, kina, blue cod and greenbone (Fyfe et al., 1999; Hepburn, 2010). 
Kelp forests provide many ecosystem services that can be quantified economically regarding 
their benefit to humans (Filbee-Dexter and Wernberg, 2018). It is estimated that globally, kelp 
forests provide NZ$1.6 million per km per year in fisheries ecosystem services (Filbee-Dexter 
and Wernberg, 2018). Kelp forests globally provide both habitat and food resources for 
commercially important fisheries species (Bodkin, 1988; DeMartini and Roberts, 1990; 
Anderson, 1994). Many interviewees were commercial fishermen and were recluctant to 
discuss implications of kelp loss and declines in fish stocks. This is shown in the variability in 
responses to local fish stocks (Figure 2.11) Although many were reluctant to discuss changes 
there was a clear observational decrease in blue cod. It was indicated by some interviewees that 
there had been a decline in the ability to catch culturally and commercially important species 
such as pāua, rock lobster, green bone, and blue cod. Interviewee Q grew up along the southern 
coastline and during the interviewee described the changes in diversity and the difficulty in 
recent years to harvest greenbone and pāua. 
 
“We used to go to a pool we all called the curiosity pool and you could lift up any rock in that 
and you could find brittle stars or snake stars. We used to be very careful about finding it and 
now you can lift, theres nothing under the stones, you might get a crab. That was always 
completely lined with pāua. We are absolutely struggling to find pāua now on the coast.” 
Interviewee Q 
 
Due to the importance of M. pyrifera as a habitat forming structure and food resource for many 
species in New Zealand it is likely that the loss of kelp along this coastline will have reduced 
the population densities of species along the southern coast (South-East Marine Protection 
Forum, 2018). It would be interesting to discuss further with interviewees the implications of 
canopy coverage loss on fish abundances to determine if there has been an impact. This could 





2.4.5. Tragedy of the commons 
The interviewees that noted a decline in the kelp forests along the Otago coastline, indicated 
that runoff was the primary change that could be attributed to the loss of M. pyrifera extent. 
They understand that although this is occurring in a marine space it is connected to all activities 
that occur on land.  
 
“But the only thing that has changed really; is the development in farming and what comes 
down these rivers and how much they affect the growth of that kelp. It’s just an accidental by 




“Up off here there was a big kelp bed  and with those guys being out all the time, out off right 




According to Hardin’s (1968) theory, without centralised government regulation the 
consumption and pollution from land use results in an unmanaged common. Although 




























Figure 2.11: Observational changes in fisheries stocks (1950 – 2020) according to local experts (n=19) 
of the Otago coast 
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government there is disconnect both between connected ecosystems as well as between 
government and communities. Practices surrounding freshwater resource usage are beginning 
to change with more of a focus on collective management however, the degradation of decades 
of intensive land use post-industrialisation has occurred and is still occurring across New 
Zealand (Le Heron et al., 2008; Payne and Stevens, 2008; Stringer, 2016). Restoration of 
already damaged ecosystems and remediation of deteriorating systems is an expensive process. 
In New Zealand, although the economic users cause the degradation of the waterways, the 
damage does not immediately impact them so there is no drive or accountability to remedy 
ecosystems. The burden instead falls on all resource users, not just those that have economic 
incentive from the resource. It is important to manage these connected ecosystems so it is not 
just the economic users of the resource that get the benefit but the needs of the whole 
community (Le Heron et al., 2008; Abell et al., 2011; Kahui and Richards, 2014; Hepburn et 
al., 2019). Interviewees were not optimistic about the kelp forests being regenerated along this 
coastline because they have been ignored in the past regarding their knowledge and advice to 
resource managers. This shows the disconnect between communities and those in local and 
central government making management decisions surrounding resources. 
 
“I took it in [nautical chart] when they were onto this kelp thing several years ago and they 
formed some sort of committee which had one meeting and that was it. Yeah well I never heard 
from them again.” 
Interviewee L 
 
2.4.6. Sustainability of Social-Ecological Systems  
Natural resources such as freshwater, fisheries, and forests are all comprised of a complex web 
of social-ecological interactions, or SES’s (Ostrom, 2019). Historically, management of these 
resources has been limited and has often led to further deterioration of compromised systems, 
due to complicated scientific language and an assumption that users need central governance 
intervention (Hardin, 1994; Ostrom, 2019). Ostrom (2019) poses a universal framework for 
future management of resources that integrates the complex web of SES’s including resources, 
resource units, governance, users, and subsystems. Due to the nature of the complexity of 
natural resource management, the framework allows for management to be flexible to the 
individual resource and the social structure surrounding that resource. Sustainable management 
needs to make sensible choices based on science surrounding the ecosystem but also 
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encompassing the social structure so that management is engaged in and accepted by the 
community (Brock and Carpenter, 2007; Le Heron et al., 2008; Ostrom, 2019).  
 
In New Zealand the QMS focuses on individual transferable quotas (ITQ) (McCormack, 2017). 
The New Zealand QMS was implemented in 1986 and has grown over the past two decades to 
now include 638 fish stocks, or 95% of commercial catch (McCormack, 2017). Although it has 
been successful in preventing collapses of fish stocks in New Zealand, QMS is now being 
critiqued for focusing on individual stocks opposed to ecosystem based management (Le Heron 
et al., 2008). Although M. pyrifera is included in the QMS under harvest management it is not 
accounted for in the management of the fisheries that rely on it as a habitat. For real long term 
sustainable management of resources we must move beyond single species based management 
and look more holistically to traditional management practices such as ki uta ki tai (Hepburn 
et al., 2014; Kahui and Richards, 2014; Marques et al., 2018), or SES frameworks which 
integrate social, economic and ecological aspects of management (Ostrom, 2019).  
 
2.5. Conclusions 
The 19 interviewees had a wealth of understanding of the changes along the Otago coastline 
due to their individual connections and associations. This information, or local ecological 
knowledge, is key to understanding changes where there is a lack of long-term data, such as is 
common in the marine space. This knowledge has allowed the interviewees to observe the 
changes in M. pyrifera distribution and density along the Otago coast within living memory. 
While there has been a loss of kelp along the southern Otago coastline, the northern coastline 
is less clear as the changes are more recent and varied. Interviewees have also noticed other 
changes in the coastline and attribute the loss and decline of kelp to river runoff, or more 
specifically sedimentation. Limitations of the interviews is noted in Chapter 5. Management of 
New Zealand’s natural resources have been driven in a large part by economic benefits to users 
both through land use intensification and QMS. This trend of degradation has led to a state of 
expensive repair that has flow on effects to all resource users, not just those that have gained 
economic benefit. Future management of natural resources needs not only an ecosystem-based 
management but a holistic approach integrating social and cultural values into decision making 








Shallow coastal marine systems are one of the most productive habitats globally (Eyre and 
Maher, 2011; Micallef et al., 2012). The productivity of coastal habitats is in  large part due to 
their location in the photic zone (Eyre and Maher, 2011; Micallef et al., 2012). Complex 
mosaics of benthic habitats result from the interaction of the biological, physical, and chemical 
conditions (Eyre and Maher, 2011). Coastal habitats are under increasing pressure from 
multiple stressors (Pickrill and Todd, 2003; Brown et al., 2011) due to their proximity to 
anthropogenic impacts. In order to protect these productive and complex systems it is essential 
to be better informed about the existing benthic habitats (Jordan et al., 2005; Cogan et al., 
2009). The first step in understanding the functioning of these complex marine habitats, is to 
understand the spatial scale(s) found in these environments and associated systems (Brown et 
al., 2011). 
 
Development in underwater mapping technology has allowed improvements in remote sensing 
and classification of marine environments (Jordan et al., 2005). Aerially mounted mapping 
systems include; satellite remote sensing and Light Detection and Ranging (LiDAR), and ship 
based systems such as; singlebeam echo sounders (SBES), side scan sonars (SSS) and 
multibeam echosounders (MBES), are used in conjunction with sampling to understand the 
physical characteristics of benthic habitats (Pickrill and Todd, 2003; Harris and Baker, 2012). 
The decision of which remote sensing technology to use is driven in part by the data that is to 
be collected but also by the research budget and available technology (Costa et al., 2009). 
Satellite remote sensing is commonly freely available and easily accessible, providing good 
long term data sets for an area (Miller et al., 2005).  Satellite remote sensing is frequently used 
to assess coastal morphology, mangrove, and coastal kelp distribution and size (Miller et al., 
2005). However this space borne method results in data with a low pixel quality so it cannot 
be used to generate maps with fine detail (Miller et al., 2005). Additionally, this method has 
issues due to interference from atmospheric weather conditions as well as the need to 
understand the local conditions affecting the scattering of light in order to analyse below the 
surface of the water (Miller et al., 2005). Airplane mounted LiDAR is a good system to use for 
shallow coastal environmental mapping because it is able to work safely in these navigationally 
challenging areas and create seamless topographies between the land-sea interface (Costa et 
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al., 2009). It is particularly useful for intertidal species such as seagrasses, mangroves, and salt 
marshes (Costa et al., 2009; Jawak et al., 2015). As LiDAR involves aviation it can be an 
expensive operation, is far away from the seabed so has coarse pixilation, and the data requires 
tide information for depth reduction so is time intensive making it not suitable for many 
research applications (Jawak et al., 2015). Space and aerial borne remote sensing although 
applicable in many situations, are not able to provide adequate imaging at depth as opposed to 
ship based methodologies (Costa et al., 2009). There are three widely used ship based sonar 
technologies (SBES, SSS, and MBES) to map benthic marine environments from coral reefs 
to marine canyons (Parnum et al., 2009; Schimel et al., 2010). SBES is a single beam with a 
relatively large footprint, is more cost effective and is able to collect backscatter (intensity) 
data, however results in lower resolution imaging (Parnum et al., 2009; Schimel et al., 2010). 
SSS collects only backscatter data but is the most cost effective and has a wide swath width so 
is useful in shallow coastal surveys (Schimel et al., 2010). MBES is able to collect both 
bathymetry and backscatter data and is able to give better spatial resolution at depth ranges, 
however it is a more expensive technology (Costa et al., 2009; Parnum et al., 2009; Schimel et 
al., 2010). Combinations of all three acoustic technologies are often used in surveys to 
compensate for the disadvantages of each individual technology (Schimel et al., 2010).  
 
Advancements in MBES technology have driven the science of marine mapping and in its 
application has generated a much more comprehensive understanding of seafloor structures 
and habitats (Harris and Baker, 2012). MBES technology uses acoustic pulse, in the kHz range, 
sent out in a 180 degree across-track swath from a transducer (Bäckström, 2015; Jakobsen, 
2016). The pulse hits the seafloor and is reflected back to the receiver which calculates the 
times and angles of return at multiple points (usually several hundred across the 180 degree 
swath) (Bäckström, 2015; Jakobsen, 2016). The reception of the beams at varying angles are 
able to be used to develop an image of the topography of the seafloor, or bathymetry (Rooper 
and Zimmermann, 2007) and the strength of the return signal enables differences in bottom 
type to be distinguished (Schimel et al., 2015). A growing area of sonar research is multi-
frequency backscatter analysis; when different frequencies are used to measure the same area 
of the seafloor (Hughes Clarke, 2015; Feldens et al., 2018; Gaida et al., 2018). Multi-frequency 
analysis of the different returning signals may indicate changes in seabed that are not clear 
when only one frequency is used (Hughes Clarke, 2015; Feldens et al., 2018; Gaida et al., 
2018).  It has been found in experimental studies using different substrate types and frequencies 
that there is a frequency dependence of finer substrates (Feldens et al., 2018; Gaida et al., 
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2018). Using a low, mid and high frequency has been shown to allow for an interpretation of 
layering of fine sediments (Gaida et al., 2018).  
 
Substrate and water column characteristics are important factors in determining kelp forest 
distributions (Devinny and Volse, 1978; DeMartini and Roberts, 1990; Graham, 1997). Kelp 
forests require; a hard substrate to establish (DeMartini and Roberts, 1990; Graham, 1997), low 
suspended sediment (Devinny and Volse, 1978; Graham, 1997), and little fine sediment 
settlement (Devinny and Volse, 1978; Geange et al., 2014). Seafloor mapping used in 
conjunction with ground-truthing techniques have been used globally to understand 
distributions of different canopy forming kelp species (Assis et al., 2009; Young et al., 2015; 
Sievers et al., 2016). Young et al. (2015) used a combination of MBES, LiDAR, and wave 
models in conjunction with spatially explicit observations of Ecklonia radiata to map 
distribution along the coast of Victoria, Australia. The study found high correlation between E. 
radiata distribution and variables such as depth, substrate and complexity of reef structures, 
dictating that these are important predictors of suitable habitat type (Young et al., 2015). E. 
radiata, like most macroalgae, requires a hard substrate to attach to and is limited by the light 
environment so will be found on hard substrate areas and will decrease in density with depth 
(Bolton and Levitt, 1985; Dayton, 1985). The complexity of the reef structure, a measure of 
the ‘slope of slope’, was another key indicator of distribution with higher densities on more 
complex reef structures (Young et al., 2015). Others have noted that a greater complexity of 
reef structures allows for less settlement of fine sediment to occlude the surface (Toohey et al., 
2007). Young et al. (2015) then used the GLMM to extrapolate over the entire depth range for 
this study area. The resulting map predicted presence and densities of E. radiata at an accuracy 
rate of 72%.  
 
The aim of Chapter Three was to further investigate an area indicated by interviewees in 
Chapter Two as being a likely location of past M. pyrifera beds. MBES was used to understand 
the location, size, and extent of bathymetric and backscatter features of benthic environments. 
In understanding the features of the benthos this chapter had two key objectives: 
• Identification and understanding of bathymetry, reef extent, and hard substrate 
structures to determine whether there is habitat suitable for M. pyrifera which in turn 
validates interviewees accounts of M. pyrifera extent in the area; and 
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• Production of a classification map using ArcPro® to determine areas of suitable 
structures that remain in the area for kelp re-establishment.  
 
In exploring the suitability of hard substrate that remains in the area, key factors determining 
the presence, absence, and survival of M. pyrifera from the literature were applied to the data. 
Understanding the depth and hard substrate requirements to sustain growth has been seen as an 
important predictor for M. pyrifera populations and can be understood through the collection 
of MBES data.  
 
3.2. Methods 
3.2.1. Study site 
Interviews were conducted to quantify the changes in kelp distribution along the Otago coast 
in living memory of local knowledge holders (see Chapter Two). The interviews (n=10) 
highlighted areas in which M. pyrifera has disappeared along the south Otago coastline, 
stretching from the Otago Peninsula to Nugget Point. One site was mentioned by several 
interviewees as once being a productive reef system with extensive kelp forests. The area 
identified covers a 12 km stretch of coast between Bruce Rocks in the north and Taieri Island 
















Figure 3.1: Study site north of Taieri Island indicated by local experts during interviews as 
being a site where Macrocystis pyrifera has disappeared between 1970’s – 1980’s. Taieri Island 
(46°03'27”S 170°13'02"E) and Bruce Rocks (45°58'37"S 170°18'12"E) are noted as the 
northern and southern extent of the multibeam survey 
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3.2.2. Data collection 
Multi-frequency multibeam data was collected on two sampling days (20/09/2019 and 
07/11/2019) comprising 20- and 12-hour trips, respectively. An R2 Sonic 2026 multibeam 
echosounder was mounted on a pole on the RV Beryl Brewin (Figure 3.2). Data was collected 
using Quality Integrated Navigation System (QINSy) (version 8.18.1.1) from the Quality 
Positioning Services (QPS) suite in conjunction with an inertial navigation system using POS 
MV (version 9.2.1). Real-time corrections to positioning were made using MarinestarTM. 
Multi-mode operation was used with three different frequency slots (100, 200, and 400 kHz) 
as this is what current multi-frequency backscatter analysis literature has used (Hughes Clarke, 
2015; Feldens et al., 2018; Gaida et al., 2018). Additional multi-mode settings, such as gain 
and absorption, were applied based on optimised values established from previous sampling of 
reef structures along the same coast (Figure 3.3). Sound velocity through the water column was 
measured prior to the survey beginning and then approximately every four hours during the 
survey periods using a Valeport miniSVP (Sound Velocity Profiler). Sound velocity was 
quantified continuously through a head mounted AML Micro.X SVS (Sound Velocity Sensor) 
located at the level of the transducer. The initial SVP cast was imported into QINSy and further 


















Figure 3.2: R2 Sonic 2026 multibeam 
echosounder and over-the-side pole on-board 




Data was collected at an average speed of 4 - 5 knots. An exploratory survey line was run south 
from Bruce Rocks, along the 12 km stretch of coastline where it was outlined that M. pyrifera 
has disappeared, while a real-time bathymetric grid was created. When reef structures were 
encountered a parallel line either side of exploratory line was completed. Once the exploratory 
survey line was completed, areas where reef was encountered were explored further to find the 
extent of the visible reef structures on the real-time grid. To maximise coverage of the area, 
and due to time constraints, survey lines were run with less than 5% overlap. This is not optimal 
for multibeam surveys so was a sacrifice to the data in order to maximise coverage. The survey 
was conducted as far inshore as the swell would safely allow and extended offshore to include 
the full spatial extent of the reef structure.   
 
3.2.3. Qimera processing 
Data was processed using the QPS software suite. Raw bathymetry data files were loaded into 
Qimera (version 1.6.2). A patch test was run to quantify the effects of roll, pitch and heading 
on the physical offsets between the MBES and Inertial Navigation System (INS) and these 
values were then applied to the raw data. Due to issues with the application of tide gauge data 
the Global Navigation Satellite System (GNSS) height data from the boat was used for depth 
reduction. The GNSS antenna measures to the ellipsoid so a further offset to local Chart Datum 
was also applied in Qimera. Sound velocity data from the miniSVP was applied using the 
approach of nearest in distance within time, with the maximum time interval set at 5 hours. The 
data was sub-sectioned into 12 smaller tiles to allow for filtering and manual cleaning. Each 
tile was individually cleaned using the 2-D and 3-D slice editors with the lasso to reject noise 
Figure 3.3: Multimode sonar settings used on the R2 Sonic multibeam echosounder 2026 for 




from the data. The final surface image was exported from Qimera at a cell resolution of 0.5m, 
as a TIFF file for display in ArcPro®. A layout was created with the bathymetry TIFF displayed 
on the ArcPro® ocean basin base map with a relevant scale, key, and north arrow. Cross-
sectional profiles of the two reef structures were exported as JPEG files.  
 
3.2.4. Fledermaus Geocoder processing 
Fledermaus Geocoder (FMGT) was used to analyse the echo-sounder return. The edited run 
lines were loaded into FMGT. Backscatter mosaics were completed at 0.5 m cell size with the 
100, 200, and 400 kHz frequencies. Default FMGT settings were used to create all the mosaics. 
Once the mosaics were made, track lines that ran perpendicular to the rest of the data, were 
removed to create a clean display of the data. The mosaics were exported as TIFF for display 
in ArcPro®. A layout was created with the backscatter TIFF displayed on the ArcPro® ocean 
basin base map with a relevant scale, key, and north arrow.  
 
3.2.5. Substrate classification map 
A classification map was produced using ArcGIS® and ArcPro®. ArcGIS® was used to extract 
six bathymetric derivatives to use as input data in the map production. The Benthic Terrain 
Modeller tool was used on the bathymetry raster layer to extract the six derivative raster layers: 
rugosity, slope, curvature, Benthic Position Index (BPI), cosine aspect (northing), and sine 
aspect (easting). The six bathymetric derivatives along with the backscatter mosaic and depth 
raster layer (Table 3.1) were combined using a Multivariate Isocluster Unsupervised 
Classification in the ArcPro® Spatial Analyst toolbox. The IsoCluster tool uses a modified 
iterative optimisation clustering in which the means are migrated to form groupings. Each cell 
in the raster is split into a user-specified number of groups (or clusters) in the multidimensional 
space of the input bands (or bathymetric derivatives). The new raster is made based on the 
minimum euclidean distance when assigning a cell to a cluster. A new raster was made with 
nine classifications based on the information from the bathymetric derivatives (Appendix E). 
There were only two distinct clusters shown in this classification map with a possible third 
cluster. The raster was then reclassified to have three classifications so as to remove the overlap 







Table 3.1: Descriptive table of bathymetric derivatives used in the production of a habitat map. 
Information compiled from previous literature explanations of derivatives (Ierodiaconou et al., 
2010; Jalali et al., 2015; Young et al., 2015) 
Bathymetric derivative Description 
Rugosity Variation in the three-dimensional orientation 
of grid cells within a 3 x 3 neighbourhood. 
Slope Maximum rate of change from each cell in a 3 
x 3 neighbourhood. 
Curvature Deviation of a cell within a 3 x 3 
neighbourhood from a straight line. 
Benthic Position Index (BPI) A comparative measure within the data of a 
cells depth in relation to the mean elevation of 
surrounding cells in each area. In this case 
based on an inner diameter of 50m and outer 
of 150m. Flat areas are close to zero, higher 
areas are positive and lower areas are 
negative.  
Aspect (northing and easting) Downslope bearing calculated relative to a 
standard reference point. Two trigonometric 
transformations are completed in relation to 
the cosine aspect (northing) and sine aspect 
(easting).  
Backscatter Intensity of sound returned to multibeam head 
with a separation of low and high intensity. 
Sound is scattered by the seafloor.  
Depth Elevation of a plane for each gridded point. 








The total distance mapped between Taieri Island (46°03'27.2"S 170°13'02.5"E) and Bruce 
Rocks (45°58'37.7"S 170°18'12.3"E) was 9.9 km (Figure 3.4). There was a total area mapped 
of approximately 8.6 km2, note that this is just an approximation due to the inability to box the 
mapped area (Figure 3.4). The depth along the mapped area ranged from 6 – 24 m. There were 
two major reef structures located in the survey of the coast; a smaller reef in the north (0.2 km2) 
and a larger ridged reef to the south (0.9 km2) (Figure 3.5).  
 
The southern reef (2274 m x 66 m) covers a larger area than the northern reef (1307 m x 235 
m) but it is narrower and longer (Figure 3.5). Both of the reefs are a similar distance offshore 
with the northern reef being 803 m and the southern reef being 786 m at their shoreward edge 
(Figure 3.5). The two reef structures show generally similar cross-sectional profiles (Figure 3.6 
and Figure 3.7) with ridges getting deeper further from the coast. Although showing similar 
ridged profiles they display some dissimilarity in the size and shape of the ridges. The northern 
reef has fewer ridges and they are wider (45 m) than the southern reef (24 m). The northern 
reefs (Figure 3.6) ridges are at similar depth contours with the ridges approximately 9 – 10 m 
deep and the troughs 14 – 16 m deep. The southern reef (Figure 3.7), although as shallow as 
the northern reef at points, covers a greater depth range (9.5 – 21 m) than the northern reef (9 
– 17 m). The ridges follow the depth contours with ridges further offshore getting deeper than 














Figure 3.4: Processed bathymetry from the 2019 multibeam survey of the southern Otago coast 






Figure 3.5: Reef structures found in the 2019 survey of the southern Otago coast between Taieri 
Island (46°03'27.2"S 170°13'02.5"E) and Bruce Rocks (45°58'37.7"S 170°18'12.3"E). Lines 
indicating where the cross-sectional profiles were taken from the northern (blue) and southern 







Figure 3.7: Southern reef structure cross-section profile from multibeam survey of the southern Otago coast between 
Taieri Island (46°03'27.2"S 170°13'02.5"E) and Bruce Rocks (45°58'37.7"S 170°18'12.3"E) 
 
Figure 3.6: Northern reef structure cross-section profile from multibeam survey of the southern Otago coast between 




The backscatter was displayed using the 400 kHz data set (Figure 3.8). The other two modes 
of data acquired using the multi-frequency were not used further as there was no immediately 
observable difference in the backscatter mosaics and time constraints did not allow for further 
analysis of the variances between the different frequencies. The value displayed in the scale 
represents the strength of the signal returned to the multibeam head with white being a strong 
signal and black being a weaker signal. The weaker signals can generally be attributed to 
absorption of the signal into soft sediment whereas hard substrates return a stronger signal 
(Schimel et al., 2015). There is an abrupt change in the signal surrounding the ridge structures 
displayed in the bathymetry (Figure 3.8) showing what is likely a shift from a soft to a hard-
bottomed benthic environment. The ridges in the reef area are not well defined and there is 
little change in the backscatter signal in the area. The hard structures appear to continue 

























Figure 3.8: Processed backscatter from the 2019 multibeam survey of the southern Otago coast 





3.3.3. Substrate classification map  
Using the eight bathymetric derivatives (Figure 3.9) from the MBES survey of South Otago a 
classification map was made (Figure 3.10). The production of the classified map indicates 
towards three classifications from a structural perspective. The two distinct groups appear to 
be determinations of hard reef structures (classification 1) and surrounding soft bottomed 
substrate (classification 3). Classification 3 is not just in the areas of the backscatter that would 
be interpreted as “soft substrate” but also includes the troughs between the ridge structures of 
the reefs. It may be that these areas lack structural complexity as these trough areas correlate 
with areas of low rugosity and slope. Classification 2 may be an artefact of the clustering but 




















Figure 3.9: Bathymetric derivatives used to create a benthic habitat map using Multivariate Isocluster Unsupervised 





Figure 3.10: IsoCluster Unsupervised Classification made in ArcPro® using the Spatial 
Analyst toolbox creating three classifications. Eight bathymetric derivatives were used to 
produce the classification map: rugosity, slope, curvature, Benthic Position Index (BPI), cosine 




3.4. Discussion  
The aim of this chapter was to use MBES technology to determine the location, depth, and 
extent of hard structures and the presence of fine sediment to ascertain whether the area has 
supported or could support M. pyrifera, both to validate the interviewees and establish whether 
regeneration is possible. The bathymetry and the backscatter from the multibeam survey 
confirms the presence of reef structures that could be suitable for M. pyrifera. The bathymetry 
shows undulating ridges and the backscatter confirms hard structures. 11 interviewees in 
Chapter Two described M. pyrifera forests between Taieri Island and Bruce Rocks. Although 
the reef structure does not extend this full length and appears surrounded by soft substrate it is 
in the location described by the interviewees. It is known that M. pyrifera requires hard 
substrate to attach and grow, (Kain, 1982; Ladah et al., 1999; Graham et al., 2007) therefore, 
for the area to have once supported dense kelp forests there would have had to have been hard 
substrate present.  There are three substrate classifications that have been indicated from an 
unsupervised classification. These classifications show three structurally distinct areas which 
could be used in conjunction with environmental observations to understand areas where M. 
pyrifera has survived in the past and may grow if it were to be regenerated in this area.  
 
3.4.1. Taieri reef structure 
The area that has been outlined by interviewees and now investigated through multibeam 
technology is known as the ‘Taieri Bight’. The geologic setting of the coastline is similar to 
that of much of New Zealand with basement rock consisting of Haast Schist which was formed 
during separation from Gondwana (Litchfield, 2001). The coastal and offshore sediments on 
the Otago coast reflect the deposits on land as, other than biogenic shell material, this is the 
source of sediment (Litchfield, 2001). Modern muds, sands and gravels are closer to the shore 
where they were deposited by rivers (Litchfield, 2001). The Taieri Bight is the northern most 
part of the near shore Otago Sand wedge (Carter, 1986) and sits at the eastern edge of the Titiri 
Fault System (Litchfield and Norris, 2000; Litchfield and Lian, 2004). The underlying 
basement rock has been predominantly moulded in this area by the Titiri Fault System and the 
Akatore Fault (Litchfield and Norris, 2000; Litchfield and Lian, 2004). The 
northeast/southwest orientation of the reef structures correlate with the fault system (Litchfield 
and Norris, 2000). The location of the two reef systems (approximately 800 m offshore) are 
also where the Akatore fault sits and they follow the same subparallel Haast throw structure 
that has been described by previous work along this coastline (Litchfield and Norris, 2000). 
Although this literature described the location and throw structure, it did not have the extent 
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and multiple ridged structures that are shown in the mapped bathymetry that was gathered for, 
and discussed in, this chapter.  
 
3.4.2. Structural requirements of Macrocystis pyrifera 
The mapping of the Taieri – Brighton coast provides evidence that the area has some of the 
fundamental requirements to have once supported, and could potentially support in the future, 
a M. pyrifera forest. The hard basement structures forming the reef along this coast were likely 
important in supporting the presence of M. pyrifera (Kain, 1982; Ladah et al., 1999; Graham 
et al., 2007). The ridge structures sit in approximately 9 – 21 m depth  which is an optimal 
depth range for supporting M. pyrifera (Hay, 1990; Schiel, 1990; Dayton et al., 1992). A recent 
study along the northern Otago coastline found the depth thresholds for gametophytes to be 11 
– 25 m and sporophytes 8 – 17 m due to the light and sediment environment (Tait, 2019). 
However, along the northern coast at Ahuriri M. pyrifera has regularly been found at 22 m 
(Associate Professor Chris Hepburn, 2020, personal communication, 28 April, 2020). Globally, 
M. pyrifera has been found at depths ranging from 1 – 50 m (Hay, 1990; Schiel, 1990; Dayton 
et al., 1992; Young et al., 2016). In New Zealand it is commonly found slightly shallower 
ranging 1 m to 25 m (Hay, 1990; Schiel, 1990). Depth has been shown to be a key predictor 
for kelp forest distributions and densities (Young et al., 2015, 2016). Although the depth and 
hard substrate appear adequate for regeneration of M. pyrifera in this area, other environmental 
requirements discussed in Chapter One would need to be investigated to determine that the 
habitat is suitable to support establishment and growth.  
 
Interviewees described extensive forests from Taieri Island to Bruce Rocks with the foul called 
“The Kelp”. The area of reef that has been mapped is not as large as the area that was indicated 
by interviewees (Figure 3.11); this could be due to a number of different reasons. It is possible 
that the reef structures located in the survey is the full extent and the interviewees misjudged 
on the charts the spatial extent. Alternately, it may be that the benthic environment has changed 
over time. It may be that the reef is intermittently exposed and then covered, depending on 
weather and tide conditions, or that there are buried reef structures that extend further along 
the coast. To investigate the potential of submerged reef structures sub-bottom data could be 
collected through a chirp survey of the area (Mosher and Simpkin, 1999), this will be discussed 




Figure 3.11: Study site from Taieri Island (46°03'27.2"S 170°13'02.5"E) and Bruce Rocks 
(45°58'37.7"S 170°18'12.3"E) with outline of area indicated by interviewees as previously 
having extensive Macrocystis pyrifera  forests overlaid with processed bathymetry from the 




3.4.3. Potential for regeneration 
Restoration of kelp forests, in particular M. pyrifera, has been a topic of research for many 
decades. In California depletion of kelp forests both in response to over-harvesting as well as 
urchin grazing pressure prompted investigation into potential solutions for restoration (North, 
1976; Mearns et al., 1977). One of the solutions that was explored was re-seeding areas that 
were depleted through translocation using common aquaculture techniques (North, 1976; 
Mearns et al., 1977). Alongside translocation, effort was put into reducing the impact of sea 
urchin and herbivorous fish grazing at the sites (North, 1976; Mearns et al., 1977). The re-
seeding programme, although at first decimated from a hurricane, was successful in the 
regeneration of kelp beds in the area  (North, 1976; Mearns et al., 1977). There has been little 
success in re-seeding alone and the drivers of change, such as herbivorous organisms as in the 
California example, must also be addressed to find a solution (Layton et al., 2020). Similar 
restoration programmes using novel aquaculture techniques have been successfully attempted 
in both Mexico (Hernandez-Carmona and Robledo, 2000) and Chile (Westermeier et al., 2016). 
Aquaculture techniques are increasingly becoming more successful with the accumulation of 
decades of knowledge of farming of algal species (Camus and Buschmann, 2017).  
 
At this site north of Taieri Island there is the potential for a restoration project to be undertaken 
to re-seed M. pyrifera. The classification map indicates three structural boundaries in which to 
investigate for re-seeding potential. Classification 3 appears to be soft substrate, areas with 
minimal surface complexity which would not be ideal habitat for M. pyrifera. Classification 1 
appears to be in the correct depth bands (Hay, 1990; Schiel, 1990; Dayton et al., 1992; Young 
et al., 2016) for M. pyrifera growth along the southern coastline and has both hard substrate 
(Devinny and Volse, 1978) and  surface complexity (Young et al., 2015, 2016). Classification 
2 is likely just an artefact of the IsoCluster but warrants further investigation. The IsoCluster 
appears to have oversimplified the classification process, so although it gives an area to explore 
further it could have been done better. A multivariate cluster analysis of the bathymetric 
derivatives would have allowed for a more comprehensive statistical analysis of the 
classification process, rather than the computer generated IsoCluster. The loss of M. pyrifera 
at this site was likely due to environmental conditions, so understanding the environmental 
parameters would be essential to understand the viability of re-seeding. To understand the 
implications of these environmental parameters they need to be quantified to determine if they 
pose a threat to potential future regeneration of kelp forests at this site, this is discussed further 





The aim of this chapter was to further investigate the main area outlined in Chapter Two using 
MBES technology to determine the location, extent, and complexity of currently exposed reef 
structures in this area.  Although not covering the same extent as the area described by 
interviewees as “The Kelp”, hard structures required to hold the historic kelp forests were 
located where the interviewees noted they would be. Analysis of the shape and structure of the 
reef fits with the geologic setting following literature describing the Akatore Fault and the Titiri 
Fault system. Through analysis of the backscatter and bathymetry there appears to be exposed 
reef structure in a suitable depth zone that would support the presence of a kelp forest. Further 
analysis through the production of a substrate structure classification map identified three 
structurally distinct areas. It would appear, two of the classifications contain the structural 
complexity in the correct depth zone to warrant further analysis for restoration of kelp forests 
in this area. However, the continued lack of kelp in the area since its decline in the 1980’s 
indicates that there must be other contributing environmental factors that have resulted in the 
recent loss of kelp and lack of new colonisation of this area. Limitations of the mapping is 














Chapter Four: Habitat suitability of South Otago reef structures 
 
4.1.Introduction 
In order to protect coastal systems, a better understanding of benthic environments baselines 
and how they function is essential (Jordan et al., 2005; Cogan et al., 2009; Eyrce and Maher, 
2011; Micallef et al., 2012). Mapping these areas allows both a visualisation of the benthic 
environment and an understanding of the spatial scale(s) of the benthic habitats. Mapping 
should also be considered an essential first step in the protection of these valuable marine 
spaces (Pickrill and Todd, 2003; Brown et al., 2011). With advancements in sonar technology 
mapping of underwater environments has become easier and more accessible (Jordan et al., 
2005). Remote sensing can provide an interpretation of seafloor structure by creating high 
resolution bathymetric imagery. Bathymetric structure is important, but alone it does not 
provide the user with comprehensive information about the environment in order to make 
management decisions. Ground-truthing is the necessary second step to allow the biological 
and ecological context of the maps to be characterised (Clements et al., 2009). Mapping allows 
educated decisions to be made about what habitat there is and ground-truthing then validates 
the assumptions made. The physical conditions, in part, underpin the biology of a habitat so 
knowledge of this relationship can be used to extrapolate the biological conditions from the 
physical (Eyre and Maher, 2011). 
 
Ground-truthing involves direct observations of the benthic environment (Clements et al., 
2009). Direct observations are essential in understanding and managing different habitats, as 
the bathymetric and backscatter could look similar between sites while having fundamentally 
different environmental conditions and ecological functions (Clements et al., 2009; Harris and 
Baker, 2012). Ground-truth data can be overlain with remotely sensed data to help understand 
the relationships between distributions of algae, animals, bathymetry, slope, and shape (Harris 
and Baker, 2012). Understanding the relationships between the physical, chemical, and 
biological parameters of an area allows us to not only understand how the area studied function, 
but can be used to extrapolate over larger areas (Jordan et al., 2005; Cogan et al., 2009; Brown 
et al., 2011).  
 
Management decisions are underpinned primarily on biological considerations so 
understanding the biological functioning of an area is a key part of research that needs to be 
considered in baseline monitoring (Le Heron et al., 2008). As well as understanding current 
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relationships, the combination of remotely sensed data and ground-truth data, can be used over 
time to monitor changes in an environment (Harris and Baker, 2012). It is important to 
understand the existing habitats prior to establishing marine protected areas, as well as to aid 
continual monitoring of an area (Brown et al., 2011). If this is not done there is a risk of losing 
valuable and potentially unknown marine habitats, such as has happened with the extensive 
decline in the kelp forests along the Otago coast. 
 
There are many different technologies available to ground-truth remotely sensed marine 
benthic maps. It is important that the technology chosen fits both the environment but also the 
time and funding available (Kenny et al., 2003; Clements et al., 2009; Harris and Baker, 2012), 
both in respect to data collection and data analysis. The technologies available include, but are 
not limited to; dive surveys, grabs, corers, and mounted or towed cameras (Clements et al., 
2009). Environmental factors such as substrate type, depth, water clarity, and plankton blooms 
all need to be taken into account when choosing the appropriate technique (Hewitt et al., 2004; 
Kendall et al., 2005; Clements et al., 2009). Ground-truthing techniques can also be expensive 
and time consuming to both collect and analyse the data (Kenny et al., 2003; Clements et al., 
2009; Harris and Baker, 2012). Grabs and corers are typically suited to soft bottomed 
environments but are considered a more invasive sampling technique than diving or mounted 
cameras (Hewitt et al., 2004; Clements et al., 2009; De Juan et al., 2012). Dive and camera 
surveys are more suited to hard or mixed substrata but dive surveys are time intensive and can 
be expensive (Kendall et al., 2005; Clements et al., 2009; Micallef et al., 2012). De Juan et al. 
(2012) investigated the implications of fishing intensity on the epibenthic community. The 
study used multibeam to map the area, and then integrated bottom-trawling intensity and 
epibenthic dredges to determine the impacts (De Juan et al., 2012). Through the integration of 
the epibenthic dredges the sites could be categorised into three habitat types with varying 
homogeneity of substrate and epibenthic fauna present (De Juan et al., 2012). Mounted cameras 
do not work as well in soft substrate environments but can sample greater areas than grabs and 
go to greater depths than dive surveys (Kendall et al., 2005; Clements et al., 2009).  
 
The aim of this chapter was to characterise the substrate and algal compositions of the two reef 
structures of interest identified in the multibeam surveys of the southern Otago coast (Chapter 
Three). In understanding the compositions of the reef structures the objectives were to: 
• Determine if there was any remnant M. pyrifera present; 
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• Compare and contrast the substrate and algal compositions to a drop camera survey 
completed on the northern coast; and 
• Gain insight into the factors that may have contributed to the loss of M. pyrifera 
through substrate and community analysis.  
Understanding the compositions of substrate type and algal community allows an 
understanding, through the literature available, as to likely drivers of change along this 
coastline. In comparing the northern coastline where M. pyrifera is still present a better 
understanding of the potential habitat that remains for future regeneration can be gained. 
 
4.2.Methods 
4.2.1. Study sites 
Ground-truthing effort was concentrated on the key area of interest; the reef structures. Using 
ArcPro® a polygon was created by visually delineating the solid reef structure. A point file 
was then created with 100 random points constrained within the polygon of the reef structure. 
The random points from ArcPro® were exported as XYZ co-ordinates (latitude, longitude, and 
depth) as an excel spreadsheet. These exported co-ordinates were then converted from an excel 
spreadsheet into a KMZ file in Google Earth™, which was then converted into a GPX file 
(which is the format that the RV Tūhura sonar system reads). 100 camera drops were then 
completed on the two reef structures in February 2020 (Figure 4.1).  
 
During February to March 2019 a drop camera survey was completed in the East Otago 
Taiāpure (EOT). The location of the camera drops was determined using the same methods as 
the survey in South Otago. The 36 camera drops were completed in areas where there are 
known M. pyrifera beds in EOT (Figure 4.2). This survey was used as a comparative study to 
determine similarities and differences between the two sites where it is known that M. pyrifera 







Figure 4.1: Location of camera drops during 2020 survey of the southern Otago reef structures 









Figure 4.2: Location of camera drops during 2019 survey of the East Otago Taiāpure Macrocystis pyrifera 




4.2.2. Camera drop survey 
The camera drop survey was completed on 19/02/2020 on the RV Tūhura. The camera (SJCAM 
SJ5000 series) was mounted on a frame (0.24 m2) and lowered using a hand pulley system 
(Figure 4.3). Videos, not stills, were used to allow sediment to settle and to see the movement 
of the algae on the benthos. Filming began at the surface with a reference number held in front 
of the camera prior to each drop to differentiate them. The frame was weighted, using two 2.5 
Kg dive weights, to allow it to settle on the bottom. Once the frame hit the bottom it was left 
there for 10 seconds so that the frame did not get caught on reef structures. Only 88 of the 100 
camera drops were able to be completed due to technical issues and time constraints. The same 
methods were used in the 2019 survey; however, a different frame (0.75 m2) was used.  
 
 
4.2.3. Video analysis 
Each of the raw videos was analysed to first determine whether they were suitable for habitat 
characterisation. The raw video footage from each drop was assessed and the most suitable 
frame selected for analysis from each drop. For the purposes of substrate analysis all 88 of the 
successful camera drops were able to be used. However, only 83, of the 88 successful, camera 
drops were able to be used for macroalgal analysis due to either the camera frame tipping over 




or quality of the image not allowing species identification. All 36 camera drops from the EOT 
survey were used.  
 
The South Otago videos were distorted with a green hue due to the depth and water clarity so 
an attempt was made to colour correct the videos using a range of different programs including 
VLC media player, GoPro Studio, and Adobe Photoshop. While Adobe Photoshop produced 
the best results (Figure 4.4), there was limited success in colour correction due to the lack of 
colour information in the images. Due to time constraints and the limited presence of algae in 
the images it was decided to analyse the raw images rather than continuing to correct them. 
However, the images that were colour corrected were used to confirm the identifications of the 
few species that were present.  
 
The substrate and algal coverage were analysed, as a percentage cover, using PhotoQuad. The 
images were gridded within the quadrat and then the individual grids were each assigned to a 
different coverage (Figure 4.5). The percentage coverage was exported into an excel 
spreadsheet for analysis. The substrate coverage was analysed assigning the coverage to a 
generic visual classification based on grain size; reef, boulder, cobble, shell, sand, mud, and 
silt (Althaus et al., 2014). Algae were identified as close to species level as possible using a 
New Zealand Seaweed guide (Nelson, 2013) and other algal scientists’ expertise. Red seaweeds 
and coralline algae were put into broad groups because it was not possible to identify these 
from images alone.  
 
The videos were also analysed for the presence of other organisms. Animals found within the 
quadrats that are sessile or slow-moving were recorded as counts per quadrat. This was then 
extrapolated to an average number per m2. Porifera were calculated as a percentage cover and 
then also extrapolated to a percent cover per m2. The mobile animals were identified and 











Figure 4.5: Examples of gridding and identification of different algal species using PhotoQuad; (a) camera drop 17 
showing a mixed assemblage of species and (b) camera drop 49 showing a Caulerpa brownii dominated quadrat 
(a1) 
(b1) 
Figure 4.4: Colour correction examples using Adobe Photoshop; (a1) unmodified camera 
drop 38, (a2) modified camera drop 38, (b1) unmodified camera drop 95, and (b1) modified 





4.2.4. Statistical analysis  
The compositions of the substrate and algal community from the northern and southern drop 
camera surveys were used to compare and contrast between EOT where it is known that M. 
pyrifera grows and South Otago where it has disappeared. The drop cameras in EOT and South 
Otago sites were within depth ranges of suitable M. pyrifera growth along the Otago coast. A 
study done in 2019 showed 8 - 25 m to be the depth range of M. pyrifera along the northern 
coastline and the drops were completed in 6 – 16 m (Tait, 2019). There were no shallow depths 
at South Otago but the drop cameras were completed in a similar depth band of 10 – 18 m. A 
comparison in the averages of the substrate and algal composition was made between EOT and 
South Otago to get an overall picture of the differences and similarities between the two 
regions. For algal analysis, if there was an average algal cover less than five percent at all sites 
then those species were pooled into a group called “other”. This allowed a better representation 
of what the main contributing species at each site were  
 
Multivariate statistics were used to compare the two coastlines.  PRIMER-e V7 was used to do 
a Principal Component Analysis (PCA) on the substrate and algal compositions by site. The 
PCA vectors were displayed using a Pearson’s correlation  (Clarke and Warwick, 1998; 
Leonard et al., 2006) which is the standard output for PRIMER-e V7. Similarity percentage 
(SIMPER) analyses were done to determine Bray-Curtis distances within and between the sites 
for both substrate and algae. An analysis of similarities (ANOSIM) was performed to determine 














4.3.1. Substrate type compositions 
Substrate composition varied significantly between the two sites (p=0.018). Although there 
were similar quantities of hard substrates, what constitutes a hard substrate at the two sites 
varied. Both South Otago and EOT were dominated by hard substrates with it accounting for 
over 70% of the substrate composition at each site (Figure 4.6). However, South Otago’s hard 
substrate was dominated by consolidated reef (70%), whereas EOT appears to be an equal split 
between reef (39%) and boulders (46%). South Otago also had areas that were dominated by 
sand (10%) and shell (7%) substrate. 
 
There was high dissimilarity between South Otago and EOT (Table 4.1). The dissimilarity 
between the two sites was mostly explained by the boulders (58.90%) and sand (12.50%)  
(Table 4.1); there was greater percent cover of boulder at EOT, and greater percent cover of 
sand at South Otago. There is no clustering of sites shown in the PCA and a lot of variability 









































Figure 4.6: Average percentage cover of substrate types at East Otago Taiāpure (n=36) and 






Table 4.2: SIMPER analysis of substrate type contribution to site dissimilarity between East 
















Boulders 46.94 4.70 58.90 






Figure 4.7: Principal component analysis of substrate type classification organised by site (East 
Otago Taiāpure n=36, South Otago n=88) 
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4.3.2. Algal species compositions 
Algal composition varied significantly between the two sites (p=0.014). There were similar 
average percentage cover of crustose coralline algae (CCA), articulate coralline algae (ACA), 
and no algal cover between the two sites but there was variability in the non-coralline cover 
(Figure 4.6). EOT was characterised by a brown algal canopy over the encrusting coralline 
community (46%) with E. radiata (6%), M. pyrifera (10%), and Marginariella urvilliana (8%) 
dominating (Figure 4.8). South Otago was dominated by Caulerpa brownii (11%) and mixed 
reds (19%) along with the coralline cover (29%) (Figure 4.8). M. pyrifera was only present at 
the northern site.  
 
There was high dissimilarity between South Otago and EOT (Table 4.2). The dissimilarity 
between the two sites is explained by CCA (33.88%), mixed reds (15.38%), M. pyrifera 
(10.57%), C. brownii (8.76%), and M. urvilliana (7.88%) (Table 4.2). There is only one clear 
cluster shown in the PCA with a cluster of C. brownii at the South Otago site. Otherwise there 
is no clear clustering at the site level and a lot of variability between site, even where M. 











































Figure 4.8: Average percentage cover of algal species at East Otago Taiāpure (n=36) and South Otago 





Table 4.3: SIMPER analysis of algal species contribution to site dissimilarity between East 
Otago Taiāpure (n=36) and South Otago (n=83) 
Average 
dissimilarity 














CCA 42.39 26.15 33.88 
Mixed reds 1.74 19.05 15.38 
Macrocystis 
pyrifera 
10.76 0.00 10.57 
Caulerpa 
brownii 
0.00 11.21 8.72 
Marginariella 
urvilliana 
8.05 0.00 7.88 
 
Figure 4.9: Principal component analysis of algal species classification organised by site (East 




There were both slow moving or sessile organisms (Table 4.3) encountered within the quadrats 
of the camera drops as well as mobile Chondrichthyes species (Table 4.4). There were low 
abundances of slow moving or sessile organisms counted within the quadrats. In the EOT 
survey 22% of the quadrats had slow moving or sessile organisms and except for one camera 
drop there was never more than two organisms observed. South Otago had similar low counts 
with only 18% of the quadrats having slow moving or sessile organisms and within those 15 
quadrats there was never more than two organisms observed. In most of the counts the densities 
and errors were too similar to see any difference between EOT and South Otago, with the 
exception of Pyura pachydermatina. There were no fish encounters in the EOT camera drops 
however there were greater numbers of fish than sessile organism encountered in the South 
Otago camera drops. There were five species/families identified and an unidentifiable category 
(Figure 4.10). The wrasse family were the most abundant with 20 encountered in total which 















Table 4.4: Average counts per m2 of slow moving and sessile organisms encountered within 
the drop camera quadrats in the East Otago Taiāpure (n=36) and South Otago (n=83) camera 
drop surveys 
Species encountered East Otago Taiāpure South Otago 
 Average 
(number/m2) 
Standard error Average 
(number/m2) 
Standard error 
Evechinus chloroticus (kina) 0.02 0.02 0.02 0.01 
Actiniaria (sea anemone) 0.00 0.00 0.02 0.01 
Pyura pachydermatina (sea tulip) 0.16 0.11 0.02 0.01 
Pentagonaster pulchellus (biscuit sea star) 0.04 0.03 0.03 0.02 
Patiriella regularis (cushion sea star) 0.02 0.02 0.00 0.00 
Ophiopsammus maculata (brittle star) 0.00 0.00 0.01 0.01 
Coscinasterias muricata (spiny sea star) 0.02 0.01 0.01 0.01 
Haliotis iris (pāua) 0.00 0.00 0.01 0.01 
Gastropoda 0.00 0.00 0.01 0.01 
 Average (% 
cover/m2) 
Standard error Average (% 
cover/m2) 
Standard error 
Porifera (sponge) 1.88 0.67 1.62 0.36 
 
 
Table 4.5: Chondrichthyes encountered in camera drop survey along South Otago (n=83) reef 
structure 
Species encounterd Encounters (%) Total count 
Parapercis colias (blue cod) 3.61 4 
Latridopsis ciliaris (moki) 1.20 1 
Oligoplites saurus (leatherjacket) 1.20 1 
Labridae (wrasse) 7.23 20 
Odax pullus (greenbone) 1.20 1 









The camera drop analysis was an important step in further understanding the habitat of South 
Otago. The camera surveys allow an understanding of the substrate and algal cover as well as 
organisms present. With the combination of the multibeam outputs and the drop camera 
surveys an understanding of the biological and ecological functioning of the study site can be 
interpreted (Clements et al., 2009; Brown et al., 2011). In comparing EOT and South Otago 
surveys a contrast can be made between a site where it is known that M. pyrifera is still present 
and a site where it has disappeared. The further understanding of biological characteristics 
allows a better understanding of the potential of regeneration of kelp forests at this site.  
 
Substrate is an important factor that determines where and how successfully M. pyrifera is able 
to establish and grow, as previously mentioned (Devinny and Volse, 1978; DeMartini and 
Roberts, 1990; Geange et al., 2014). There was high variability and high dissimilarity shown 
between the two sites in the ANOSIM and SIMPER analyses and average percent cover. The 
South Otago site is significantly different from EOT in regard to substrate type however there 
are similar quantities of hard substrate present at each site. Although it is important to have 
Figure 4.10: Examples of encounters with organisms in the camera drop surveys of South Otago (n=83) (a) camera 
drop 17 Evechinus chloroticus (kina), (b) camera drop 73  Coscinasterias muricata (spiny sea star), (c) camera 








hard substrates to support growth (DeMartini and Roberts, 1990; Graham, 1997),  it does not 
appear to matter what the hard substrate is. It appears that there is the hard structure to support 
M. pyrifera growth and therefore other environmental factors must be responsible for the 
absence of M. pyrifera along the south Otago coast.   
 
Understanding which algae are present and in what densities can allow ecologists to make 
interpretations of the habitats environmental parameters (Munn et al., 2002; Van Vuuren and 
Pieterse, 2005; Juneja et al., 2013; Atkinson and Cooper, 2016). South Otago was significantly 
different from EOT  which appeared to arise from the lack of canopy cover at the southern site. 
EOT and South Otago had a similar average percent cover of coralline and no algal cover, 
albeit with higher CCA cover at EOT. South Otago was homogenous in comparison to EOT, 
with a dominance of mixed reds and C. brownii alongside the coralline cover. EOT, however, 
was more diverse with a canopy cover of brown algae. It is possible that the changes in the 
environmental parameters that caused the decline and subsequent loss of M. pyrifera at the 
southern site have caused a phase shift to a turf dominated state.  
 
There were low encounters with most sessile or slow-moving organisms at both EOT and South 
Otago, the exception to this was P. pachydermatina. Pyura sp. are commonly found associated 
with kelp forest communities globally (Batham, 1956; Velimirov et al., 1977; Almanza et al., 
2012; Miller et al., 2015). Pyura sp. rely on similar hard structures as kelps to attach, increased 
diversity of planktonic species as a food resource, and a low sediment environment to allow 
suspension feeding (Velimirov et al., 1977; Seiderer and Newell, 1988; Miller et al., 2015). 
There were no encounters of fish in the EOT survey but there were encounters with a variety 
of fish in the South Otago survey. M. pyrifera is known to be a habitat refuge for many fish 
species so it may be that there was a lack of encounters at the northern site due to the presence 
of habitat forming kelp, unlike the South Otago site (DeMartini and Roberts, 1990; Paddack 
and Estes, 2000; Angel and Ojeda, 2001).  
 
4.4.1. Characterisation of the biological environment 
Mixed red algae contributed to almost 20% of the average algal cover at the South Otago site. 
Mixed reds also contributed 15% to the explanation for the dissimilarity between South Otago 
and EOT. It is possible that without the canopy structure, the increased space available has 
allowed opportunistic mixed red algae to dominate. It has been found that the removal of 
canopy forming structures, such as M. pyrifera, significantly increases the red algal 
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communities (Dayton, 1975; Foster, 1975; Reed and Foster, 1984). Increased suspended 
sedimentation has also been found to favour the dominance of turfing mixed red, or 
rhodophyte, species due to the low light environment (Airoldi, 1998; Longstaff and Dennison, 
1999; Pritchard et al., 2013). It is possible that a combination of the loss of M. pyrifera, and a 
high sediment low light environment, has allowed a mixed red turf dominant stable state to 
occur.  
 
The turfing species, C. brownii, was observed in 16 quadrats from the south Otago survey 
resulting in an obvious separation from all other quadrats in the PCA. The quadrats that had C. 
brownii present ranged between 12.6 – 18.3 m deep, with 12 of the 16 quadrats at 14 – 15 m. 
The quadrats that had C. brownii were on reef structures and were dominated by this species 
with 11 of the quadrats having greater than 40% C. brownii cover. This is very different to the 
northern sites where there was no C. brownii present. C. brownii has been shown to be highly 
tolerant to sedimentation; both complete burial and persistent high sedimentation (Glasby et 
al., 2005; Piazzi et al., 2005). Glasby et al. (2005) ran an experiment where C. brownii was 
exposed to different burial amounts and durations. Through all of the experimental treatments, 
C. brownii was found to be able to survive and be fully recovered 92 days post treatment 
(Glasby et al., 2005). Due to the proximity of the reef structures to the mouth of the Taieri 
River, sediment fluxes in particular during storm events and flooding are common along this 
coast (Carter, 1986). It is possible that repeated high influxes of fine sediment is excluding M. 
pyrifera from these reef structures, but the more sediment tolerant C. brownii is able to survive 
the sediment inundations and lowered water clarity (Piazzi et al., 2005; Piazzi and Ceccherelli, 
2006).  
 
CCA contributed over 25% to average percent cover at both EOT and South Otago. Although 
there was CCA present at South Otago, the greater percent cover at EOT resulted in it being a 
source of dissimilarity between the two sites. CCA has, in general, been found to have greater 
cover under canopy structures (Kimura and Foster, 1984; Melville and Connell, 2001). Kimura 
and Foster (1984) found under canopy structures of M. pyrifera, almost all hard substrates were 
covered in encrusting algal communities. Melville and Connell (2001) findings supported 
earlier results and found that the co-occurrence of canopy and sub-canopy structures, such as 
M. pyrifera and E. radiata, facilitate the growth and survival of understory algal communities. 
The increased growth under canopies is primarily attributed to a decrease in sediment cover as 
well as corallines ability to survive in low light environments (Kendrick, 1991; Foster and 
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Vanblaricom, 2001; Melville and Connell, 2001; Alestra et al., 2014). It is a widely accepted 
ecological theory that greater diversity, or heterogeneity, in algal composition makes a habitat 
more resistant and resilient to change and as such is regarded as being a more desirable habitat 
(Pacala and Tilman, 1994; Chesson, 2000; Adler et al., 2013; Whalen et al., 2016). The 
resistance and resilience to change comes from the greater number of ecological roles being 
filled within a habitat so that when there is a disturbance more species are resistant and/or 
resilient to the disturbance (Pacala and Tilman, 1994; Chesson, 2000; Adler et al., 2013; 
Whalen et al., 2016).  
 
CCA species show broad growth forms in varying environmental conditions so require 
microscope and genetic analysis to determine species (Woelkerling et al., 1993). Due to the 
environmental plasticity of CCA visual assessment can allude to the environmental conditions 
(Woelkerling et al., 1993). Visual assessment of the CCA cover at both EOT and South Otago 
shows differences in growth formation (Figure 4.12). At EOT, in general, CCA grows in an 
encrusting structure in contrast to South Otago which displayed greater foliose and layered 
growth (Woelkerling et al., 1993; Rasser and Piller, 2004; Harvey et al., 2005). Generally, 
small encrusting CCA has been attributed to areas of high turbidity and wave action (Van 
Woesik and Done, 1997; Rasser and Piller, 2004). This may explain the growth patterns in 
EOT CCA but is contradictory to what would be expected at South Otago due to the exposure 
of this coastline. Alternately, thicker CCA has also been attributed to patterns in herbivory with 
thicker structures resulting as a defence against herbivorous action (Steneck et al., 1991). 
Without further environmental data such as turbidity, wave action, and herbivore pressure it is 
difficult to determine what caused the observed differences in the growth patterns between the 
northern and southern sites. However, the differences in growth formations of the CCA allude 
to differences in the environmental parameters at these two sites.  
Figure 4.11: Examples from camera drop surveys of (a) East Otago Taiāpure and (b) South Otago showing 





4.4.2. Likely drivers of loss of Macrocystis pyrifera along coastal Otago 
In New Zealand, a ranking of anthropogenic effects on marine spaces found that river runoff, 
in particular sedimentation from land use change, was the greatest threat to seagrass meadows 
and kelp forests (Macdiarmid et al., 2012). As discussed in Chapter Two, there has been 
extensive land use change in the Otago region that has led to increased sedimentation. It is 
possible that although there is sufficient hard substrate, implications due to the proximity of 
the Taieri River has caused the loss of M. pyrifera. Fine sediment characteristics were not 
investigated in this research and would be an important factor in further investigations. The 
interviewees, Chapter Two, noted periodic burial of cray fish pots along this coast indicating 
that flooding events cause massive shifts in sediment loads. Enough sediment to occlude 
substrate surface has been found to significantly decrease spore settlement in an area (Devinny 
and Volse, 1978). Geange et al. (2014) investigated the impacts of both sediment loads and 
sediment regime on spore establishment of M. pyrifera. The sediment loads that were used 
found a reduction greater than 40% in gametophyte density (Geange et al., 2014). These 
findings are similar to those found by Devinny and Volse (1978), in which 10 mg cm-1 sediment 
was found to occlude the surface and prevent spore attachment and 108 mg cm-1 sediment was 
found to smother germlings preventing growth. Looking into greater detail the type, frequency 
and quantities of sediment that come out of the three major rivers to this coast would be 
important to understand why M. pyrifera has disappeared, and never re-established, along this 
coast.  
 
The modern sediment budget on the Otago coastline is driven by the major rivers (Clutha, 
Taieri and Tokomariro Rivers)  (Carter, 1986). The Clutha River is the biggest contributor (3.8 
Mt y-1), however, prior to damming it would have contributed an even greater quantity of 
sediment to the coast. The dam traps both suspended (1.24 Mt y-1) and bedload (0.61 Mt y-1) 
sediment from reaching further downstream (Carter, 1986). The Clutha River, post-damming, 
primarily contributes fine sediment including mud and sand, with only 0.16 Mt y-1 consisting 
of gravel (Carter, 1986). The Taieri River is also a major contributor of sediment to the Otago 
coast and contributes 0.6 Mt y-1 of sediment (Carter, 1986). Due to the southland current the 
sediment outflow from the rivers along the southern Otago coast are carried northwards from 
the river mouths (Jillett, 1969). A study used remote sensing to track the river plumes of the 
Clutha and the Taieri Rivers after a storm and saw the plumes from both rivers carried 
northwards across the study site between Taieri Island and Brighton (Figure 4.12). Large 
fluctuations in the sediment profiles at beaches north of the Taieri River are observable as a 
88 
 
result of sediment outflow from the rivers (Figure 4.13).  It is possible that large pulses of 
terrestrial sediment from the major rivers along the Otago coast, in particular the Taieri River, 

































Figure 4.12: Image of Otago shelf waters with Clutha 
and Taieri River plumes displayed (a) Blue dot 
indicating Taieri mouth and Magenta dot indicating 
Clutha mouth (b) HICO image constructed from LI 
spectrum of the Otago shelf waters. The Clutha waters 
(blue) are distinguished from the Taieri waters (green) 




In addition to increased sediment coming out of the major rivers along the Otago coast, in the 
past 50 years there has been observable change in ENSO cycling (Wang and An, 2002). In 
Otago, ENSO cycling dictates a lot of the inter-decadal variability of the strength of the 
Southland Current (Hopkins et al., 2010). El Niño periods are associated with colder and 
stronger southerly winds (Basher and Thompson, 1996), which in turn result in a greater 
number of storm events along this coast. The southland current and associated big swells are 
important along the southern coastline for clearing out sediment that comes from the major 
rivers along this coastline, and transporting it northwards (Carter, 1986). During the late 1970’s 
there was an alteration of ENSO cycling due to upwelling that caused a prolongment of the 
eastward shift of the El Niño phase of the cycle (Wang and An, 2002). In the absence of big 
seas, it is possible that settled sediment for prolonged periods of time caused the loss of M. 
pyrifera in this area. Internationally changes in ENSO cycling have been seen to impact both 
short term and long term variability in M. pyrifera beds (Edwards and Hernández-Carmona, 
2005; Vásquez et al., 2006; Johnson et al., 2011), however, most of these changes are observed 
through an increase in more stormy periods as opposed to an increase in calm periods.  
 
Recruitment limitation has been indicated as a limiting factor globally, particularly when 
forests reduce in extent (Reed et al., 2004).  Recruitment limitation occurs when a population 
is constrained by the supply and/or establishment of propagules (Reed et al., 2004). Supply is 
dependent on the dispersion potential and size/fecundity of source populations, whereas 
Figure 4.13: Images from the same beach along Kuri Bush Road, north of Taieri Island showing 
fluxes in sediment profiles with only four months between the images (a) 03/10/2015, and (b) 





establishment is driven by habitat limiting parameters (Clark et al., 1998; Reed et al., 2004). 
Dispersion of spores to settle at the southern site must come from populations further south due 
to the strong southland current pattern transporting north along the coastline (Heath, 1972; 
Sutton, 2003). According to interviewees, although there has been a loss of the kelp forest 
between Taieri Island and Bruce Rocks there is still M. pyrifera further south which can be 
confirmed through aerial imagery (LINZ, 2019). Anecdotally there are coastal patches 
remaining at Molyneux Bay, Wangaloa, and Quoin Point, as well as small rock pool 
communities. It was originally thought that M. pyrifera spore dispersion was limited to within 
a few meters of the parent plant due to the restrictions of post-settlement fertilisation 
requirements (Dayton, 1985; Paine, 1988; Hay, 1990). As such colonisation at further afield 
sites has been explained by rafts that drift to new sites and establish (Dayton, 1973; Paine, 
1988; North et al., 1993). More recent studies have shown dispersal of up to 4 km of spores 
attributed to the large lipid stores and photosynthetic capability of spores allowing longer 
survival in the plankton (Gaylord et al., 2002; Reed et al., 2004). Interviewees indicated that 
spore supply is not a limiting factor with observations of growth on abandoned cray-fishing 
pots and in rock pools along the southern coastline. However, establishment may be a limiting 
factor which would be considered a form of recruitment limitation.  
 
“The broken off crayfish pots and other stuff that’s discarded and lost along these coasts if you 
break some of those ropes off and pull ‘em up they’ve been there for a long time theres kelp 
growing on it but that’s as far as it goes it never grows to the surface.”  
Interviewee L 
 
“Exploring rock pools around this sort of coastline you do see Macrocystis in the rock pools, 
they are quite stunted versions of Macrocystis, you know rock pool sized” 
Interviewee N 
4.4.3. Other limiting parameters 
It is likely that there are other interacting factors such as seasonality, wave action, currents, 
light attenuation, temperature, and/or nutrient concentrations at this site that is control the 
presence, and absence, of M. pyrifera (Hay, 1990; Graham, 1997; Ladah et al., 1999; Young 
et al., 2015; Tait, 2019). It is difficult to make direct links between the results from this research 
and the environmental parameters of the coastal environment due to the small sample size and 
lack of environmental data collected. There were low densities observed at all the sites and no 
M. pyrifera found at the southern site. In the north, the low densities are likely attributable to 
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the timeframe of sampling, however, in the south there must be another explanation. The data 
was not collected to link predictors to these differences, but it would be interesting in future 
research to understand if changes such as those seen globally may be starting to occur in New 
Zealand. 
 
Nutrient concentrations have been found to be a limiting factor for M. pyrifera globally 
(Johnson et al., 2011; Wernberg et al., 2011; Wahl et al., 2015; Stephens and Hepburn, 2016). 
For example, in Tasmania runoff from land-use intensification has seen an increase in turf 
domination (Wahl et al., 2015; Filbee-Dexter and Wernberg, 2018). It appears likely that with 
the land-use intensification in Otago that increased nutrients will be promoting the turf-
dominated state (Galbraith and Burns, 2007; McDowell et al., 2009; Stephens and Hepburn, 
2016). It is possible that a multi-stressor environment of sediment and nutrient run-off from 
the rivers is allowing a mixed red and C. brownii dominated environment in southern Otago.  
 
Temperature is a key parameter determining the presence, absence, growth rate, and 
morphology of M. pyrifera (Kain, 1982; North et al., 1986; Hay, 1990; Graham, 1997; Ladah 
et al., 1999; Reed et al., 2004; Rothäusler et al., 2009). Temperature can influence the 
reproduction cycle timing of M. pyrifera (Kain, 1982), as well as implicating the viability of 
different life stages (Kain, 1982; Hay, 1990; Ladah et al., 1999). M. pyrifera has been shown 
to have an upper thermal tolerance of 18- 19°C (Hay, 1990). It has been shown that if sea 
surface temperatures exceed this for more than a few days then M. pyrifera cannot persist (Hay, 
1990). The coast along southern Otago experiences a wide range (7 – 17°C) of temperatures 
due to the influence of neritic waters (Shaw et al., 1999). Although a wide range this 
temperature range sits below the thresholds for M. pyrifera growth. In recent years there has 
been increasing water temperatures along the coast of Otago of 0.1°C per decade, so in future 
this could prove to be a limiting factor to the Otago coast (Shears and Bowen, 2017). Ocean 
heat waves have also been shown to implicate the growth of canopy forming algae along the 
northern Otago coast in recent years (Salinger et al., 2019). Breaches of M. pyrifera 
temperature thresholds were reached three times in the 2017 – 2018 summer, something that 
has only occurred seven times since 1953 (Salinger et al., 2019). Although data was not 
collected on temperature for this research it would appear that temperature was not a limiting 
factor for the decline in M. pyrifera along southern Otago. However, it could become a limiting 





With coastal environments changing globally it is important to determine how habitats are 
responding, and how they are likely to respond to predicted future changes. M. pyrifera is an 
ecological engineer along the Otago coastline, so it is important to understand the implications 
of a changing Otago coastline on this habitat forming structure. The drop camera surveys of 
the East Otago Taiāpure and South Otago have allowed insights into the habitat that remains, 
in a site indicated by interviewees as still having M. pyrifera and a site that has lost it. The 
camera surveys found that M. pyrifera was only present in the northern sites, as was observed 
by the interviewees. Both the substrate and the algal communities differed significantly 
between the northern and southern sites. While the sites were statistically different, there 
appeared to be sufficient hard substrate at the southern site to support M. pyrifera through reef 
structures. The algal assemblage at the southern site alludes to a turf dominating site that has 
likely been caused by environmental parameters, such as high sediment loads and low light 
and/or poor spore establishment. Although not all parameters that can affect M. pyrifera growth 
were investigated it is likely that there were multiple stressors that caused the loss and lack of 
re-establishment in this area. If regeneration were to be explored, then the stressors that caused 














Chapter Five: General discussion 
 
5.1. Changes in distribution of Macrocystis pyrifera 
19 interviews were undertaken with local experts of the Otago coastal region. Interviewees had 
a combined knowledge of the coastline that spanned from 1950 – present. Although existing 
distribution of kelp forests can be mapped with current technologies, there is little to no long-
term data on the distribution of M. pyrifera along the Otago coastline, making the knowledge 
holders essential in understanding historic distributions. From the interviews there was 
consensus that M. pyrifera forests were lost on the Taieri – Brighton coast in the 1970’s and 
1980’s. Even though many of them had never seen this patch of kelp forest, a few of the 
interviewees recalled stories from older fishermen and local, describing the fishing grounds as 
“The Kelp”. Of the 11 interviewees that said there had been a change in the Taieri area, seven 
had observed changes and four had heard of stories from other fishermen. The changes along 
the northern coastline were not as clear. The lack of clarity on the northern coastline comes 
from what appears to be reduced expectations of the younger interviewees in accordance with 
shifting baselines theory (Pauly, 1995; Sáenz-Arroyo et al., 2005; Ainsworth, 2011).  
 
5.2. What habitat remains? 
The area that was outlined by interviewees in Chapter Two as having completely lost all M. 
pyrifera cover was further investigated in the subsequent chapters, both to validate the 
interviewees and to investigate what habitat still remains in this area. A 12 km stretch of 
coastline was surveyed using a R2 Sonic 2026 multibeam echosounder mounted on the RV 
Beryl Brewin. Two significant reef structures were found during the survey process; a smaller 
consolidated and continuous reef structure in the north (0.2 km2) and a larger concentrically 
ridged reef to the south (0.9 km2). Through analysis of the backscatter and bathymetry, there 
appears to be reef structure in a suitable depth zone for the forest that was described by 
interviewees. This also could provide a basis for future regeneration of the kelp forests, based 
on similarities to other areas that host M. pyrifera in the Otago region.  
 
A drop camera survey of the reef structures allowed analysis of the substrate and algal 
compositions. The drop camera surveys at South Otago were compared to a drop camera survey 
that had been previously conducted in EOT, where it is known that M. pyrifera is present. There 
was a statistically significant difference in substrate composition between EOT and South 
Otago. Although significantly different there appears to be sufficient hard substrate at the 
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southern site to support M. pyrifera, it just comprises predominantly reef as opposed to the 
boulder observed in EOT. Based on assessment of the algal community composition it is 
indicated that the suspended sediment environment and/or other environmental parameters 
could be maintaining the persistence of a turf dominated regime (Connell et al., 2008; Wahl et 
al., 2015; Filbee-Dexter and Wernberg, 2018). Although there appears to be suitable hard 
substrate to support M. pyrifera growth, the algal composition raised questions about other 
environmental parameters which could have contributed to the loss of M. pyrifera along the 
Otago coast.  
 
5.3. Drivers of change 
Given the information available from this research (Table 5.1) it appears there are multiple 
stressors that have likely contributed to the loss of M. pyrifera along this coast. The most 
notable change along the coast that interviewees noted was an increase in fine sediment 
entering the marine space from land use changes. In Otago, there has been an increase in fine 
sediment contribution to the coast, in part due to human development along the coast (Carter, 
1986; Davis, 1994; Galbraith and Burns, 2007). Sediment from the Taieri River can be seen in 
plumes smothering the coast up to the Otago Peninsula (Figure 5.1). The implications of 
repeated fluxes of sediment are likely to impact growth of photosynthetic algae. Studies in 
southern New Zealand have shown 2 – 5 fold differences in kelp forest biomass between 
pristine and modified coastal catchment systems (Desmond et al., 2015). The decline observed 
along the north Otago coastline has been linked to decreased light and the potential negative 
effects of sediment (Desmond et al., 2015). An increase in fine sediment is congruent with the 
dominance of sediment resilient species such as C. brownii and mixed reds at South Otago 
(Piazzi and Ceccherelli, 2006; Geange et al., 2014), as well as the higher density of the 
suspension feeding P. pachydermatina along the northern coastline (Velimirov et al., 1977; 
Seiderer and Newell, 1988). Although sedimentation has been indicated in this research as 
being a likely cause for change, it is also probable it has worked in conjunction with other 
stressors to cause the phase shift in south Otago. It is feasible that extensions in the late 1970’s 
of ENSO cycling altered the frequency of storms and large southerly swells that were able to 
clear the reefs of sediment from the Clutha and Taieri Rivers (Carter, 1986; Wang and An, 
2002). The changes that occurred in the 1970’s may have been impacted since then by a 
recruitment limitation that has disallowed the re-establishment of M. pyrifera. It is likely there 
are several contributing environmental parameters that are limiting the presence of M. pyrifera 
at this site, that were not investigated in this study. Through the interviewees, a decline in the 
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density and extent of the northern kelp beds has also been noted. The South Otago site may be 
an example of the next stage in the degradation of the kelp beds and as such its loss should be 




Table 5.6: Globally observed drivers of decline of canopy forming kelp observed in literature. 
Likelihood of these drivers being linked to the loss of Macrocystis pyrifera north of Taieri 
Island, New Zealand with the information available from this research 
Drivers of loss of 
canopy forming 
kelp 
References Likelihood in 
South Otago 
Reasoning 
Sediment loading (Airoldi and Cinelli, 
1997; Gorgula and 
Connell, 2004; 
Foster and Schiel, 




Likely • Increasing sedimentation 
from Clutha and Taieri 
Rivers since colonisation 
of New Zealand 
• Caulerpa brownii is a 
sediment resilient and 
resistant alga 
 
El Niño Southern 
Oscillation (ENSO) 




Vásquez et al., 2006; 
Johnson et al., 2011) 
Possible • It is possible an 
extension to the eastward 
shift of the El Niño phase 
of the ENSO cycle in the 






Figure 5.1: Screenshots from an aerial flyover of the Taieri River in flood in 2018 (a) confluence of the 






(Reed et al., 2004; 
Young et al., 2016) 
Possible • There are small patches 
along the coast, but this 
may not be enough to 





(Wernberg et al., 




Possible • Increases in land use 
result in an increase 
coastal eutrophication 
• No evidence in this 
research of the algal 
composition that would 
be expected from 
eutrophication  
 
Introduced species (Edgar et al., 2005; 
Filbee-Dexter and 
Wernberg, 2018) 
Unlikely • Although competitive 
invasive species such as 
Undaria pinnatifida are 
issues in other places 
along the coast it was 
not observed in this 
research  
 
Ocean warming and 
heatwaves 
(Edgar et al., 2005; 
Johnson et al., 2011; 
Wernberg et al., 




Salinger et al., 2019) 
Unlikely • Average sea 
temperatures are not at 
critical temperature 
thresholds 
• Ocean heat waves are of 
increasing concern in 
this area however other 
populations of 
Macrocystis pyrifera 
have shown resilience to 
heatwave activity in 
Otago 
• This is likely to become 
an increasing issue with 
global ocean warming 
trends 
 
Fisheries (Estes et al., 1998; 
Foster and Schiel, 
2010; Johnson et al., 
Unlikely • There are active fisheries 
along this coastline 
however, the commonly 
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2011; Wernberg et 





observed urchin or sea 
star barrens were not 
observed 
Harvesting (Kimura and Foster, 
1984; Filbee-Dexter 
and Wernberg, 
2018; Wernberg et 
al., 2019) 
Unlikely • In comparison to 
international harvesting 
there is minimal harvest 
in New Zealand  
• Since its introduction to 
the quota management 
system in 2010 there has 
been little increase in the 
amount of Macrocystis 
pyrifera harvested  
 
5.3.Future management of the area 
Restoration of kelp forests has been a topic of research for many decades and application of 
aquaculture techniques to re-seed populations has been successful in areas that have declined 
internationally (North, 1976; Mearns et al., 1977; Hernandez-Carmona and Robledo, 2000; 
Westermeier et al., 2016). The site north of Taieri Island has potential for a restoration project 
to be undertaken to re-seed M. pyrifera. There has been a loss of M. pyrifera at this site, likely 
due to environmental conditions. To understand the implications of these environmental 
parameters they need to be quantified to determine if they pose an ongoing threat to potential 
future regeneration of kelp forests at this site. Baseline surveys are an integral component in 
protection of valuable habitats. It is essential to understand the baseline habitat and 
environments that exist before there is loss of valuable habitats, such as has happened along 
this southern Otago site. If regeneration is to be explored at this site land-marine based 
management of the environmental stressors will need to be understood and remedied for 
success. As explored in Chapter Two, successful management strategies must move towards 
integration of not only the habitat but the whole ecosystem and particularly humans within that 
system. Although regeneration may be explored at this site, protection of habitat prior to loss 




5.4.Global Macrocystis pyrifera populations 
There has been a trend of a global decline of canopy forming kelp species. M. pyrifera in 
particular has shown a decline along both the Californian and Australian coastlines (Graham, 
1997; Connell et al., 2008; Wahl et al., 2015; Filbee-Dexter and Wernberg, 2018). There have 
been long term trends of coastal eutrophication, warming ocean temperatures, global expansion 
of herbivorous organisms, and over-fishing causing trophic cascading effects (Filbee-Dexter 
and Wernberg, 2018). These long term trends are causing unfavourable conditions for canopy 
forming species and allowing competition from other algal species that are able to survive in 
the altered conditions (Filbee-Dexter and Wernberg, 2018). Often there are multiple stressors 
in an environment working in conjunction to alter the environmental conditions and make them 
no longer favourable for canopy forming macroalgae (Macdiarmid et al., 2012; Wahl et al., 
2015; Filbee-Dexter and Wernberg, 2018; Wernberg et al., 2019).  
 
Turf algae dominance and ocean barrens are common resulting habitats when canopy forming 
species are lost (Filbee-Dexter and Wernberg, 2018; Gorman et al., 2019). “Turf algae” is a 
generic grouping term for a group of macroalgae with similar morphologies with low structures 
(Filbee-Dexter and Wernberg, 2018). It is widely accepted that a phase shift from canopy to 
low structured turf dominant environments results in a decline of food supply, habitat, and 
productivity of an area (Filbee-Dexter and Wernberg, 2018). In Brazil, modelling along the 
coast from Rio de Janeiro to São Paulo and Santa Catarina showed that ocean warming and 
proximity to human population were the best predictors for a canopy to turf phase shift 
(Gorman et al., 2019). In Tasmania, a reduction of M. pyrifera over the past 50 years has been 
attributed to increasing temperatures, decreasing nutrients, increased fishing pressure, and 
increased herbivory by range extension (Johnson et al., 2011; Wernberg et al., 2011). Phase 
shifts have been observed globally and are often attributed to multiple stressors causing 
imbalances in an environment (Wahl et al., 2015; Filbee-Dexter and Wernberg, 2018).  
  
The canopy cover loss along the southern Otago coastline appears to be the New Zealand 
equivalent of a phase shift from canopy to turf dominance. Although barrens are also a 
commonly observed phase shift globally, the low density of herbivorous organisms does not 
indicate a barren (Angel and Ojeda, 2001). It is more likely due to the presence of mixed reds 
and C. brownii as well as the lower density of P. pachydermatina suggests a turf dominated 
system, indicating sediment as the driver of change (Filbee-Dexter and Wernberg, 2018). 
Although not confirmed with this research, it is possible that elevated sediment and fewer 
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southerly seas favoured the growth of a more resilient turf dominated state and M. pyrifera has 
not been able to re-establish. It is difficult to determine after the fact whether changing 
environmental conditions or the presence of turfing species has caused an initial loss, and 
subsequent lack of re-establishment at this South Otago site.  
 
5.5.Limitations of this research  
Interviews provide a great source of data, especially when there are no long-term data sets 
available however, there is bias in an individual’s perspectives of change. This is observed in 
the theory of shifting baselines, which was seen in this data set, alongside many other personal 
biases that humans harbour. It is difficult to gain consensus on change when interviewees 
perceive the changes observed on different scales of magnitude and time. Another key bias is 
using LEK to understand long term changes is in an individuals ability to observe and 
understand the changes that are occuirng. Individuals interviewed noted that river runoff and 
other sediment related drivers were likely key in the changes along the Otago coastline. Long 
physical and chemical changes such as global climate change, i.e. warming waters and 
alterations in El Nino cycling, are not as easily observable so were not noted by interviewees 
as likely drivers. There are likely many other inherent biases in the data that arise from the 
individuality of perspectives, such as experience and culture, that need to be acknowledged. 
The aim in getting a large enough data set is to try to reduce the impact these biases have on 
the data, but there is the possibility they remain.  
 
The multibeam survey allowed an understanding of the reef structures present and the depth 
and shape of these structures but it is also a time-intensive and costly survey, both in the 
collection and the processing of the data. The survey was not completed to the planned extent 
due to time restrictions imposed by the weather. This time restriction was also imposed in part 
due to the technology that was chosen to complete the mapping. Although MBES technology 
is sophisticated in its collection of both backscatter and bathymetric, data is limited by the time 
intensiveness of the survey, particularly in shallow waters when the swath width becomes 
smaller. To attempt to complete the full survey of the two reef structures, sacrifices in line 
overlap were taken. Even with the sacrifices to line overlap the full area was still not able to be 
completed.  
 
Camera drops were chosen as an efficient and inexpensive survey method to ground truth the 
site, but these drops only provide a single point of data. Other surveys have implemented 
100 
 
underwater videos through towed, remotely operated, or diver operated approaches that allow 
for a better understanding of the transitions and connection of an area. It is important to 
understand and accept the limitations of the methods chosen, as to not interpolate past what the 
data collected is able to tell us.  
 
5.6.Future research  
5.6.1. Sub-surface survey  
The survey collected multi-frequency data at 100, 200, and 400 kHz frequencies with the aim 
of being able to interpret sediment layering along the stretch of coastline. There was not time 
to interpret this data past a superficial visual exploration using FMGT. Multi-frequency 
backscatter analysis is a new field that uses different frequencies to determine burying of 
seabed layers (Hughes Clarke, 2015; Feldens et al., 2018; Gaida et al., 2018). Smaller grain 
sizes have been shown to have a frequency dependence so using low, mid, and high frequencies 
has been shown to allow interpretation of layering of fine sediments (Hughes Clarke, 2015; 
Feldens et al., 2018; Gaida et al., 2018). It is possible that with further analysis of the 
backscatter results it could be identified if the reef structures that have been observed extend 
further but are partially covered in fine substrate settlement. This would align with the extent 
of M. pyrifera forests that were described by interviewees. Alternately, if the backscatter results 
do not produce sufficient information, a further survey could be done using a chirp. A chirp 
survey is a common tool in understanding layering of fine sediment over hard structures 
(Mosher and Simpkin, 1999). A chirp system, unlike multibeam, works in a range of pulsed 
signals (Mosher and Simpkin, 1999). The pulse-sweeping is known as the bandwidth and 
allows for the layering detail that chirp systems are known to produce (Mosher and Simpkin, 
1999).  
 
5.6.2. Impacts on fisheries  
There are many services that kelp forests provide as an ecosystem engineer that make them 
valuable as a habitat and food resource (Jones et al., 1997; Miller et al., 2011). Kelp forests 
have also been quantified as providing valuable ecosystem services that provide goods and 
services to commercial profits (Filbee-Dexter and Wernberg, 2018). It is estimated that the 
Australian, Indian Ocean, and Southern Ocean kelp forests provides NZ$10.6 billion per 
annum in tourism and fisheries (Filbee-Dexter and Wernberg, 2018). In Australia, Indian 
Ocean, and Southern Ocean, 10% of this is attributed to fisheries, but this gets as high as 45% 
along the African coastline (Filbee-Dexter and Wernberg, 2018). It is well known that fisheries 
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can have implications for cascading effects on kelp forests (Tegner and Dayton, 2000), it is 
also known that loss of canopy kelp can impact local commercial and recreational fisheries 
(Bodkin, 1988; DeMartini and Roberts, 1990; Anderson, 1994). It was indicated by some of 
the interviewees that there had been a decline in the ability to catch culturally and commercially 
important fish species such as pāua, rock lobster, greenbone, and blue cod (Chapter 2). There 
were both pāua and blue cod located in the drop camera surveys however these surveys of 
organisms are not sufficient to draw conclusions on the impacts of fisheries in this area. Due 
to the importance of M .pyrifera for many species in New Zealand it is likely the loss of kelp 
along this coastline will have reduced the population densities of species (South-East Marine 
Protection Forum, 2018). It is critical to understand the impacts that the reductions in fisheries 
could have both culturally and commercially to Otago communities (South-East Marine 
Protection Forum, 2018). Further surveys of the organisms present at this southern site and 
investigations into commercial and recreational catch records could allow better insight into 
whether the loss of M. pyrifera along this coast has impacted the fishery.  
 
5.6.3. Environmental parameters  
This thesis achieved the initial stages of a “bottom-up” or ecosystem-based understanding of a 
habitat. The identification of the structures, substrate composition, and algal community has 
allowed initial insights into changes that may have occurred at this site. To further understand 
this environment, and if it is ecologically viable as a site for future regeneration of M. pyrifera, 
it would be essential to further investigate the biotic and abiotic parameters. Other tolerance 
factors that would be important to further investigate would include, but not be limited to: the 
suspended sediment environment, wave action, light, and temperature.  
 
The sediment environment has already been shown to be an impacting parameter along the 
northern shores with how it interacts with the light environment (Desmond et al., 2015; Tait, 
2019). It would be interesting to determine if this is a limiting factor along the southern 
coastline too. The impacts of sedimentation can be assessed remotely or through direct 
sampling. Remote sensing can involve technology such as aerial images to assess water colour 
information (Binding et al., 2005) or the use of backscatter measurements such as ADCP to 
measure suspended sediment yields (Holdaway et al., 1999). Alternately in situ measurements 
can be taken with water samples that can be analysed for sediment and biological suspended 
material (Van Katwijk et al., 1993; Ball Coelho et al., 2012). The light environment is a 
significant indicator of suitable habitat for canopy forming kelp species and measurements of 
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the photosynthetically active radiation throughout the water column would be an important 
measurement in determining suitability of the site (Desmond et al., 2015; Tait, 2019).   
 
Wave action has been shown to be a significant environmental factor in determining presence 
and absence of kelp forests so would be an important variable to investigate further (Young et 
al., 2016). The work done by Young et al. (2016) in Australia used global wave models and 
scaled them to be site specific, this could be done in the Otago region to determine if wave 
action is a predicting factor for kelp forests in Otago. Wave models using oceanographic data 
from New Zealand could be used to predict the implications of this, currently as well as past 
conditions. 
 
Temperature is another environmental factor that needs to be considered. In New Zealand, M. 
pyrifera has an upper thermal tolerance of 18- 19°C, if sea surface temperature exceeds this for 
more than even a few days then M. pyrifera cannot persist (Hay, 1990). Although some 
environmental plasticity to temperature has been observed, in general decreases in fertility 
occur at 15°C and mortality occurs at higher temperatures (Wm, 1937; Deysher and Dean, 
1986b; Luning and Freshwater, 1988; Hay, 1990; Rothäusler et al., 2011; Young et al., 2016). 
Although the average temperatures for coastal Otago waters are not near the temperature 
thresholds of M. pyrifera recent increases in heat wave activity have shown to impact the 
northern Otago M. pyrifera populations (Salinger et al., 2019).  There is long term temperature 
data collected in Dunedin at the Portobello Marine Laboratory, alternately temperature 
monitoring could be integrated into monitoring of other parameters in the area.  
 
These environmental factors, alongside those investigated in this research, all fluctuate 
seasonally. In understanding the implications of these stressors, it is essential to understand not 
only how they act in this environment but how this may change throughout the year. Not only 
do the environmental factors show seasonality but M. pyrifera shows seasonality in its life 
history (Kain, 1982; Reed and Foster, 1984; Deysher and Dean, 1986a; Graham, 1997). It is 
important to understand how the factors fluctuate and how this will then in turn alter the ability 
for M .pyrifera to carry out its biological functioning. In understanding how these 
environmental parameters are acting and interacting with the habitat it would also be essential 
to understand how long-term these factors may change. If sustainable regeneration were to 
occur it needs to be put into a long-term goal, understanding the durability of the species under 
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Appendix A: an example of questions used in the semi-structured interviews 
 
1. What is your name/age/residence/occupation?  
- Tell us a little about yourself 
2. What is your connection with the Otago coastline? 
- Do you work here? Live here?  
3. How long have you been occupying/residing/working/recreating along this stretch of 
coastline?  
4. What seaweed species are common in this area? 
5. Have you seen Macrocystis pyrifera along this coastline? 
6. Where do you commonly see it?  
7. Have you noticed fluctuations? 
- When? 
- Causes? 
8. Indicate on the chart the location and possible extent/abundance of the habitat 
- You used to see? 
- You now see? 
- Areas where it fluctuates? 
9. Have you noticed a change in the species of fish along this coastline? 
- What did you used to catch/see? 
- What do you now catch/see? 
10. Have you ever caught crays along this coastline?  
- Do you still catch them along here? 
- How has this changed? 
11. Do you have anything more that you would like to say?  









Appendix B: interviewee consent form 
 
HABITAT MAPPING OF MACROCYSTIS PYRIFERA ALONG NEARSHORE 
COASTAL SOUTHERN OTAGO 
CONSENT FORM FOR 
PARTICIPANTS 
 
I have read the Information Sheet concerning this project and understand what it is about.  All 
my questions have been answered to my satisfaction.  I understand that I am free to request 
further information at any stage. 
I know that:- 
1. My participation in the project is entirely voluntary; 
2. I am free to withdraw from the project at any time without any disadvantage; 
3. Personal identifying information [e.g. personal details, audio tapes, and maps] will be 
destroyed at the conclusion of the project but any raw data on which the results of the 
project depend will be retained in secure storage for at least five years; 
4.    This project involves an open-questioning technique. The general line of questioning 
includes discussion of your involvement with this coastline and your knowledge of the 
habitat and changes that may have occurred.  The precise nature of the questions which 
will be asked have not been determined in advance, but will depend on the way in which 
the interview develops and that in the event that the line of questioning develops in such 
a way that I feel hesitant or uncomfortable I may decline to answer any particular 
question(s) and/or may withdraw from the project without any disadvantage of any kind. 
5. The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve my 
anonymity.   
 
I agree to take part in this project. 
 
.............................................................................   ............................... 
       (Signature of participant)     (Date) 
 
............................................................................. 
       (Printed Name) 
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Appendix C: information sheet for participants 
[Reference Number: D19/042] 
 [22/02/2019] 
 
HABITAT MAPPING OF MACROCYSTIS PYRIFERA ALONG NEARSHORE 
COASTAL SOUTHERN OTAGO 
INFORMATION SHEET FOR PARTICIPANTS 
 
Thank you for showing an interest in this project.  Please read this information sheet carefully 
before deciding whether or not to participate.  If you decide to participate we thank you.  If 
you decide not to take part there will be no disadvantage to you and we thank you for 
considering our request.   
 
What is the Aim of the Project? 
The research is being undertaken as part of a Master’s thesis project for the University of 
Otago. The aim is to understand the Macrocystis pyrifera populations along the Otago 
coastline. The project aims to outline changes in abundance by gathering information on 
historical growth and comparing it to what now grows along this coastline. This comparison 
will then attempt to link to potential periods of change or triggers along the coastline to 
understand the dynamic coast and was to better manage it. There are three key questions and 
objectives of this project, (1) determine the historic extent of kelp forests along the coast south 
of Green Island (2) estimate potential periods of change and their triggers, (3) determine and 
quantify the presence of potential habitat that may remain in the study area.  
 
What Types of Participants are being sought? 
Participants are being sought who have a connection to this stretch of coastline through work, 
recreational use or residing along this coastline from 1960 onwards. There are some 
participants that are known by those working on the project and others will be contacted if one 
of the other interviewees thought they would have beneficial knowledge. Approximately 8 – 
10 participants are being sought to describe changes that may have occurred along this 
coastline. Participants can be updated with the progress of the research and the knowledge that 
is gained not only from the interviews but from work in the field too.  
 
What will Participants be asked to do? 
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Should you agree to take part in this project, you will be asked to  
• Participate in an informal interview for approximately 30 min 
• Answer a range of questions about your connection to the coastline and your knowledge 
of the area  
Please be aware that you may decide not to take part in the project without any disadvantage 
to yourself. 
 
What Data or Information will be collected and what use will be made of it? 
On the day of interviews the interviews will be audio taped on a dictaphone and cell phone. As 
well as the conversation, maps will be given to the interviewees to draw on that will be 
collected at the end of the interview to be analysed. The purpose of the interviews is to discuss 
historically where Macrocystis pyrifera has grown and the changes that have occurred along 
this coastline since WWII.  
 
Raw data from the interviews will only be accessed by those directly involved in the thesis 
project. The analysis from the interview will be published in a Master’s thesis and from this 
the aim is to publish scientific papers to the wider community. Participants may be given a 
letter describing the outcomes of the thesis if this is desired by those involved.  
 
Data will be stored both on a personal device as well as Syncplicity (University of Otago secure 
online storage system) to allow access by all supervisors. Data from the interviews will be 
analysed through thematic analysis (inductive). The data collected will be securely stored in 
such a way that only those mentioned below will be able to gain access to it. Data obtained as 
a result of the research will be retained for at least 5 years in secure storage. Any personal 
information held on the participants may be destroyed at the completion of the research even 
though the data derived from the research will, in most cases, be kept for much longer or 
possibly indefinitely. No material that could personally identify you will be used in any reports 
on this study.  Results of this research may be published. The data from this project will be 
publicly archived so that it may be used by other researchers. The results of the project may 
be published and will be available in the University of Otago Library (Dunedin, New Zealand) 




This project involves an open-questioning technique. The general line of questioning includes 
discussion of your involvement with this coastline and your knowledge of the habitat and 
changes that may have occurred. The precise nature of the questions that will be asked have 
not been determined in advance, but will depend on the way in which the interview develops.  
Consequently, although the Department of Marine Science is aware of the general areas to be 
explored in the interview, the Committee has not been able to review the precise questions to 
be used. In the event that the line of questioning does develop in such a way that you feel 
hesitant or uncomfortable you are reminded of your right to decline to answer any particular 
question(s).  
 
Can Participants change their mind and withdraw from the project? 
You may withdraw from participation in the project at any time and without any disadvantage 
to yourself. 
 
What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free to 
contact either:- 
Madeline Glover and  Chris Hepburn 
Department of Marine Science                               Department of Marine Science 
Email: gloma519@student.otago.ac.nz  + 64 3 479 7462 
                                                                             Email: chris.hepburn@otago.ac.nz  
                                                                            
                                                                                                                                                                                                                          
 
This study has been approved by the Department stated above. However, if you have any concerns 
about the ethical conduct of the research you may contact the University of Otago Human Ethics 
Committee through the Human Ethics Committee Administrator (ph +643 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 








Appendix D: standard errors for average (%) cover of substrate type and algal species 
Substrate type East Otago Taiāpure South Otago 
Reef 8.00 4.82 
Boulders 7.05 1.74 
Cobbles 3.40 1.01 
Gravel 0.14 - 
Sand 1.19 2.71 
Shell 1.20 2.19 
Silt 0.35 1.80 
 
Algal species East Otago Taiāpure South Otago 
Empty Space 3.65 4.22 
ACA 2.51 0.84 
CCA 4.03 3.13 
Caulerpa brownii - 2.94 
Ecklonia radiata 1.96 - 
Halopteris sp. 0.97 - 
Macrocystis pyrifera 2.17 - 
Marginariella 
urvilliana 2.52 - 
Mixed reds 0.50 2.26 
Stenogramma - 0.85 






Appendix E: IsoCluster Unsupervised Classification made in ArcPro® using the Spatial 
Analyst toolbox creating nine classifications. Eight bathymetric derivatives were used to 
produce the classification map; rugosity, slope, curvature, Benthic Position Index (BPI), cosine 
aspect (northing), sine aspect (easting), backscatter, and bathymetry.  
 
 
 
